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Warning 

After an application for a Patent has 
been filed, the Comptroller of the 
Patent Office will consider whether 
publication or communication of the 
invention should be prohibited or 
restricted under Section 22 of the 
Stents Act 1977 and will inform the 
applicant if such prohibition or 
restriction is necessary. Applicants 
resident in the United Kingdom are 
>lso reminded that under Section 23. 
applications may not be filed abroad 
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prohibiting publication or 
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Please give the date in all number 
format for example, 31/05/90 for 
31 May 1990. 



© Claiming an earlier application date 

5 Are you claiming that this application be treated as having been filed on the 
date of filing of an earlier application? 



Yes D 



No I 



go to 6 



please give details below 

□ number of earlier 
application or patent 
number 



□ filing date 
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O Application details 

1a Please give the patent application number (if known): 



1 b Please give the full name(s) of the applicant(s): 
DISC0VISI0N ASSOCIATES 



© Title of invention 

2 Please give the title of the invention: 
START CODE DETECTOR 



© Derivation of right 

3 Please state how the applicant(s) derive(s) the right to be granted a patent: 

By virtue of the inventors employment and 
a subsequent assignment. 



© Declaration 

4 I believe the person(s) named overleaf (and on any supplementary copies of 
this form) to be the inventor(s) of the invention for which the patent 
application has been made. I consent to the disclosure of the details 
contained in this form to each inventor named. 



Signed 




KILBURN & STRODE 
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month 



1 995.- 

year) 
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Please put the full name(s) and address(es) of the 
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Adrian Philip Wise , 
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Frenchay, Bristol, BS16 1 N A , 
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The Ridings , 
Wick Lane , 
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O Application details 

1a Please give the patent application number (if known): 



1 b Please give the full name(s) of the applicant(s): 



© Title of invention 

2 Please give the title of the invention: 



© Derivation of right 

3 Please state how the applicant(s) derive(s) the right to be granted a patent: 



0 Declaration 

4 I believe the person(s) named overleaf (and on any supplementary copies of 
this form) to be the inventor(s) of the invention for which the patent 
application has been made. I consent to the disclosure of the details 
contained in this form to each inventor named. 



Please sign here \ 
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Date 



(day 



year} 
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Helen Rosemary 
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START CODE DETECTOR 
INTRODUCTION 

The present invention is directed to improvements in 
methods and apparatus for decompression which operates to 
decompress and/or decode a plurality of differently encoded 
input signals. The illustrative embodiment chosen for 
description hereinafter relates to the decoding of a 
plurality of encoded picture standards. More specifically, 
this embodiment relates to the decoding of any one of the 
well known standards known as JPEG, MPEG and H.261. 

A serial pipeline processing system of the present 
invention comprises a single two-wire bus used for carrying 
unique and specialized interactive interfacing tokens, in the 
form of control tokens and data tokens , to a plurality of 
adaptive decompression circuits and the like positioned as a 
reconf igurable pipeline processor. 

PRIOR ART 

One prior art system is described in United States 
Patent No. 5,216,724. The apparatus comprises a plurality of 
compute modules, in a preferred embodiment, for a total of 
four compute modules coupled in parallel. Each of the 
compute modules has a processor, dual port memory, scratch- 
pad memory, and an arbitration mechanism. A first bus 
couples the compute modules and a host processor. The device 
comprises a shared memory which is coupled to the host 
processor and to the compute modules with a second bus. 

United States Patent No. 4,785,349 discloses a full 
motion color digital video signal that is compressed, 
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formatted for transmission, recorded on compact disc media 
and decoded at conventional video frame rates. During 
compression, regions of a frame are individually analyzed to 
select optimum fill coding methods specific to each region 
Region decoding time estimates are made to optimize 
compression thresholds. Region descriptive codes conveying 
the size and locations of the regions are grouped together in 
a first segment of a data stream. Region fin CO des 
conveying pixel amplitude indications for the regions are 
grouped together according to fill CO de type and placed in 
other segments of the data stream. The data stream segments 
are individually variable length coded according to their 
respective statistical distributions and formatted to form 
data frames. The number of bytes per frame is withered by 
tne addition of auxiliary data determined by a reverse frame 
sequence analysis to provide an average number selected to 
minimize pauses of the compact disc during playback, thereby 
avoiding unpredictable seek mode latency periods 
characteristic of compact discs. A decoder includes a 
variable length decoder responsive to statistical information 
m the code stream for separately variable length decoding 
individual segments of the data stream. Region location data 
is derived from region descriptive data and applied with 
region fill codes to a plurality of region specific decoders 
selected by detection of the fill code type (e.g., relative, 
absolute, dyad and DPCM) and decoded region pixels are stored 
in a bit map for subsequent display. 

United States Patent No. 4,922,341 discloses a method 
tor scene-model-assisted reduction of image data for digital 
television signals, whereby a picture signal supplied at time 
^ r= ce coded, whereby a predecessor frame from a scene 
already coded at time t-1 is present in an image store as a 
reference, and whereby the frame-to-frame information is 
composed of an amplification factor, a shift factor, and an 



3 



10 



adaptively acquired quad-tree division structure. Upon 
initialization of the system, a uniform, prescribed gray 
scale- value or picture half-tone expressed as a defined 
luminance value is written into the image store of a coder at 
the transmitter and in the image store of a decoder at the 
receiver store, in the same way for all picture elements 
(pixels). Both the image store in the coder as well as the 
image store in the decoder are each operated with feed back 
to themselves in a manner such that the content of the image 
store in the coder and decoder can be read out in blocks of 
variable size, can be amplified with a factor greater than or 
less than 1 of the luminance and can be written back into the 
image store with shifted addresses, whereby the blocks of 
variable size are organized according to a known quad tree 
15 data structure. 

United States Patent No. 5,122,875 discloses 
apparatus for encoding/decoding an HDTV signal, 
apparatus includes a compression circuit responsive to high 
definition video source signals for providing hierarchical Iv 
<u layered codewords CW representing compressed video data and 
associated codewords T, defining the types of data 
represented by the codewords CW. A priority selection 
circuit, responsive to the codewords CW and T, parses the 
coaewords CW into high and low priority codeword sequences 
o wherein the high and low priority codeword sequences 
correspond to compressed video data of relatively greater and 
lesser importance to image reproduction respectively 
transport processor, responsive to the high and low priority 
codeword sequences, forms high and low priority transport 
u B :ocks of high and low priority codewords, respectively. 
Each transport block includes a header, codewords CW aid 
error Detection check bits. The respective transport clocks 
are applied tc a forward error check circuit for ape'V-.o 
additional error check data. Thereafter, the high and' lev 
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priority data ar e applied to a modem wherein quadrature 
amplitude modulates respective carrier, for transmission 

unxted states Patent No. E.i 4s , 325 discloses a video 
deco.press.cn system for decompressing compressed image data 
therein odd and even fields of the video signal are 
ndependently compressed in sequences of intraframe and 
interframe compression modes and then interleaved for 
tra„ snlssion . The odd n 

dec Durin9 int£rvais when vaud P y 

Odd/even field data is not available, even/odd field data is 
substituted for the unavailable odd/even field data 
independently decompressing the even and odd fields of data 
and substituting the opposite field of data for unavailabl 

during system start-up and channel changes. 

united states Patent No. 5,l 68 ,356 discloses a video 
s^gna. encoding system that includes apparatus for segmenting 
encodeu video data into transport blocks for signl 

rico n verr:: n th The transport biock fornat e — 

•r" ■ c . """" ^ ^"^ 0t header data 

data' « """" d «-™ i ~ "—try points into the 

aata stream on the occurrence of a loss or corruption of 
transmitted data. The re-entry points are maximi.ed bv 
pr viding secondary transport headers embedded within encoded 
v-aeo data in respective transport blocks 

united states Patent No. 5.168,375 discloses a method 
I" """"^ • ^ «•.« samples to provide or 

and .h =0re ^ fUnCtl °" S ° f ^cimation, interpolation, 

and sharpening. This is accomplished by an array transfer-, 
processor such as that employed in a JPEG compression system" 
~ocf.s or aata samples are transformed by the discrete e-en 
— ne transform (DECT) in both the decimation and 
-^..erpciation processes, after which the number of frequency 
-e....s is altered. In the case of decimation, the number of 
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frequency terms is reduced, this being followed by inverse 
transformation to produce a reduced-size matrix of sample 
points representing the original block of data. in the case 
of interpolation, additional frequency components of zero 
value are inserted into the array of frequency components 
after which inverse transformation produces an enlarged data 
sampling set without an increase in spectral bandwidth. m 
the case of sharpening, accomplished by a convolution or 
filtering operation involving multiplication of transforms of 
data and filter kernel in the frequency domain, there is 
provided an inverse transformation resulting in a set of 
blocks of processed data samples. The blocks are overlapped 
followed by a savings of designated samples, and a discarding 
of excess samples from regions of overlap. The spatial 
representation of the kernel is modified by reduction of the 
number of components, for a linear-phase filter, and zero- 
paaded to equal the number of samples of a data block this 
being followed by forming the discrete odd cosine transfers, 
(DOCi; of the padded kernel matrix. 

Lnited States Patent No. 5,175,617 discloses a system 
and method for transmitting logmap video images through 
telephone line band-limited analog channels. The P ixei 
organization in the logmap image is designed to match the 
sensor geometry of the human eye with a greater concentration 
of pixels at the center. The transmitter divides the 
frequency band into channels , and assigns one or two pixels 
to each channel, for example a 3KHz voice quality telephone- 
line is divided into 768 channels spaced about 3 , 9Hz apa~ 
Each channel consists of two carrier waves in quadrature =c 
facn. channel can carry two pixels. some channels are 
reserves for special calibration signals enabling tr- 
receiver to detect both the phase and magnitude of the 
received signal. if the sensor and pixels are connected 
airectiy tc a bank of oscillators and the receiver car. 
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continuously receive each channel, then the receiver ne.H 
be synchronized with the transmitter. An rr7a T 
dements a fast discrete approximation to the 
case in which the receiver synchronizes to th fir. I 
5 and then acquires subsequent frames every frame per7o d Z 
frame period is relatively low compared with the ,» , 
period so the receiver is unUXely to lose frame sv T ' 
once the first frame is detected An , s >"»=nrony 
w teciea ' An experimental video 

telephone transmitted 4 frames per second, applied ,u. dr 

data ! PiXSl 109 " aP lma9eS ° btai " ed «» 

United states Patent No. 5,i.s,.i 9 discloses a video 
compress^n system having odd and even fields of video s^nal 

- h i;t r e e r;:::r:: entiy compressed in -™ - 

nd interframe compression modes. The odd and even fields of 
noe ntly COBpr .„. d ^ ^ ^^"'^ 

-d „T; d COB ; ^z::::r r° sssive fieids ° f inc -— 

=0 receivers ■, interleaved sequence provides 

ceiyers „ith twice the number of entry points into th. 
signal for decoding without increasinc th. 

transmitted. increasing the amount of data 

t'nited states Patent Ko . 5>J12 , 742 discloses ap 
apparatus and method f r, r es an 

» compression.decoopres^on" „ ^ <" 

comprises a plurality of oompute modules, Ta 

emPod ment for a total of four compute modules coupled"^ 

Parallel. Eacn of the compute modules has a processor, due! 



Deri 



-.ech-.s a- Pa ° Den0ry ' a " «"«"ion 

" / " "" ' " DUS cou P les ^e compute modules and hos- 
prcessor. Lastly, tne device comprises , shared memo" 

modules S =0 h P r " h ° SZ Pr0 " SSOr t0 "-P."" 

Por-ions o« the image for eaoh of the processors to ooera-e 
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upon. 

United States Patent No. 5,231,484 discloses a system 
and method for implementing an encoder suitable for use with 
the proposed iso/lEC MPEG standards. Included are three 
cooperating components or subsystems that operate to 
variously adaptively pre-process the incoming digital motion 
video sequences, allocate bits to the pictures in a sequence, 
and adaptively quantize transform coefficients in different 
regions of a picture in a video sequence so as to provide 
optimal visual quality given the number of bits allocated to 
that picture. 

United States Patent No. 5,267,334 discloses a method of 
removing frame redundancy in a computer system for a sequence 
of moving images. The method comprises detecting a first 
scene change in the sequence of moving images and generating 
a first keyframe containing complete scene information for a 
first image. The first keyframe is known, in a preferred 
embodiment, as a "forward-facing" keyframe or intrafrane, and 
it is normally present in CCITT compressed video data. The 
process then comprises generating at least one intermediate 
compressed frame, the at least one intermediate compressed 
frame containing difference information from the first image 
for at least one image following the first image in time in 
the sequence of moving images. This at least one frame being 
known as an interframe. Finally, detecting a second scene 
change in the sequence of moving images and generating a 
second keyframe containing complete scene information for an 
image displayed at the time just prior to the second scene 
change, known as a "backward-facing" keyframe. The first 
-Keyframe and the at least one intermediate compressed frame 
are linked for forward play, and the second keyframe and the 
intermediate compressed frames are linked in reverse for 
reverse play. The intrafrane may also be used for generation 
cor.piete scene information when the images are played in 
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the forward direction. When this 

reverse, the backward ,„ sequence 18 played in 

the backward-facing keyframe is used for the 
generation of complete scene information 

United states Patent No. 5,276,513 discloses a first 
circuit apparatus, comprising a given number of prior art 
-age-pyramid stages, together with a second circuit 

e P c P : o r r s S ta COmPriSin9 SamS ~ ot novel mo ! 

vector stages, perform cost-effective 

analysis (HMA) in real-time with mi 16rarChiCal m ° ti0n 

delav «„h/ , minimum system processing 

delay and/or employing minimum system processing delay and/or 

:Tsi y ::: mini : um hardware stru — ^ 

fxrst and second circuit apparatus, in response to relative^ 
high-resolution image data fr« m • relatively 

successive „■ ■ ongoing input series of 

successive given pixel-density image-data frames that occur 
« a relatively hign frame ratg (- ^ § ^ ' 

derives, after a rprr a in ~ ^econaj , 

output series « —g-system delay, an ongoing 

put series Gi successive given pixel _ dens VK , 9 

traces that occur *r ^ or aaua 

data fra^e i s ind ™ » 1V ' n f "~ 

Lmted States Patent No 5 ?rt r a * ,* • 

3/^o3,646 disclose? a t-«<-u j 

ana apparatus for eMblln , . real . time ^ ^ 
» ««ur.t.ly deUver th . desired nunber of b ^ 
- codrn, tne iMg . only once> =uanti 2 atTo„ 

UP USSd to coefficient „ hicn , scr ^ 

a ; h nv° be — . =<~»„ie:; ion o : 

exannle oiocks. The blocks are encoded, for 

example, using DCT coding, to aener^e » 

. ^ generate a sequence cf 

-C- I"" " bl ° Ck - The «««ci.nt. can be 

h 3nd d6Pending Up °" quantUation step. th . 

c'!!;,- , " qUired " dSSCribe thS da " ««v 

^if^antly. At , he , nd 0 f th. trans miS sion of each sec:. 

" «... me .ccur.ul.fd actual „ ul , b er of bits expended is 
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compared with the accumulated desired number of bits 
expended, for a selected number of sectors associated with 
the particular group of data. The system then readjusts the 
quantization step size to target a final desired number of 
5 data bits for a plurality of sectors, for example describing 
an image. Various methods are described for updating the 
quantization step size and determining desired bit 
allocations . 

The article, Chong, Yong M. , A Data-FTow Architecture for 
10 Digital Tnaqe Processing , Wescon Technical Papers: No. 2 
Oct. /Nov. 1984, discloses a real-time signal processing 
system specifically designed for image processing. More 
particularly, a token based data-flow architecture is 
disclosed wherein the tokens are of a fixed one word width 
15 having a fixed width address field. The system contains a 
Plurality of identical flow processors connected in a ring 
fashion. The tokens contain a data field, a control field 
and a tag. The tag field of the token is further broken down 
into a processor address field and an identifier field. The 
20 processor address field is used to direct the tokens to the 
correct data-flow processor, and the identifier field is used 
to label the data such that the data-flow processor knows 
what to do with the data.. In this way, the identifier field 



acts as an instruction for the data-flow processor. The 
syste- directs each token to a specific data-flow processor 
using a module number (MN) . If the MN matches the MN of the 
particular stage, then the appropriate operations are 
performed upon the data. If unrecognized, the token is 
directed to an output data bus. 

The article, Kinori, S. et al. An Elastic Pipeline 
Mecharis- by Self-Timed Circuits , IEEE J. of Solid-State 
Circuits, Vci. 23, No. l, February 1S38, discloses an elastic 
Pipeline having self -timed circuits. The asynchronous 



10 

pipeline comprises a plurality of pipeline stages. Each 
of the pipeline stages consists of a group of input data 
latches followed by a combinatorial logic circuit that 
carries out logic operations specific to the pipeline 
stages. The data latches are simultaneously supplied with 
a triggering signal generated by a data-transfer control 
circuit associated with that stage. The data-transfer 
control circuits are interconnected to form a chain 
through which send and acknowledge signal lines control a 
hand-shake mode of data transfer between the successive 
pipeline stages. Furthermore, a decoder is generally 
provided in each stage to select operations to be done on 
the operands in the present stage. It is also possible to 
locate the decoder in the preceding stage in order to pre- 
decode complex decoding processing and to alleviate 
critical path problems in the logic circuit. The elastic 
nature of the pipeline eliminates any centralized control 
since all the interworkings between the submodules are 
determined by a completely localized decision and, in 
addition, each submodule can autonomously perform data 
buffering and self-timed data-transfer control at the same 
time. Finally, to increase the elasticity of the 
pipeline, empty stages are interleaved between the 
occupied stages in order to ensure reliable data transfer 
between the stages. 

United States Patent No. 5,278,646 discloses an 
improved technique for decoding wherein the number of 
coefficients to be included in each sub-block is 
selectable, and a code indicating the number of 
coefficients within each layer is inserted in the 
bitstream at the beginning of each encoded video sequence. 
This technique allows the original runs of zero 
coefficients in the highest resolution layer to remain 
intact by forming a sub-block for each scale from a 
selected number of coefficients along a continuous scan. 
These sub-blocks may be decoded in a standard fashion, 
with an inverse discrete cosine transform applied to 
square sub-blocks obtained by the appropriate zero padding 
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of and/or discarding of excess coefficients from each of 
the scales. This technique further improves decoding 
efficiency by allowing an implicit end of block signal to 
5 separate blocks, making it unnecessary to decode an 
explicit end of block signal in most cases. 

United States Patent No. 4,903,018 discloses a 
process and data processing system for compressing and 
expanding structurally associated multiple data sequences. 

10 The process is particular to data sets in which an 
analysis is made of the structure in order to identify a 
characteristic common to a predetermined number of 
successive data elements of a data sequence. In place of 
data elements, a code is used which is again decoded 

15 during expansion. The common characteristic is obtained 
by analyzing data elements which have the same order 
number in a number of data sequences. During expansion, 
the data elements obtained by decoding the code are 
ordered in data series on the basis of the order number of 

2 0 these data series on the basis of the order number of 

these data elements. The data processing system for 
performing the processes includes a storage matrix (26) 
and an index storage (28) having line addresses of the 
storage matrix (2 6) in an assorted line sequence. 
25 United States Patent No. 4,334,246 discloses a 

circuit and method for decompressing video subsequent to 
its prior compression for transmission or storage. The 
circuit assumes that the original video generated by a 
raster input scanner was operated on by a two line one 

3 0 shot predictor, coded using run length encoding into code 

words of four, eight or twelve bits and packed into 
sixteen bit data words. This described decompressor, 
then, unpacks the data by joining together the sixteen bit 
data words and then separately the individual code words, 
35 converts the code words into a number of all zero four bit 
nibbles and a terminating nibble containing one or more 
one bits which constitutes decoded data, inspects the 
actual video of the preceding scan line and the previous 
video bits of the present line to produce depredictor bits 
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and compares the decoded data and depredictor bits to 
produce the final actual video. 

United States Patent No. 5,060,242 discloses an image 
5 signal processing system DPCM encodes the signal, then 
Huffman and run length encodes the signal to produce 
variable length code words, which are then tightly packed 
without gaps for efficient transmission without loss of 
any data. The tightly packed apparatus has a barrel 

10 shifter with its shift modulus controlled by an 
accumulator receiving code word length information. An OR 
gate is connected to the shifter, while a register is 
connected to the gate. Apparatus for processing a tightly 
packed and decorrelated digital signal has a barrel 

15 shifter and accumulator for unpacking, a Huffman and run 
length decoder, and an inverse DCPM decoder. 

United States Patent No. 5,168,375 discloses a method 
for processing a field of image data samples to provide 
for one or more of the functions of decimation , 

2 0 interpolation, and sharpening is accomplished by use of an 
array transform processor such as that employed in a JPEG 
compression system. Blocks of data samples are 

transformed by the discrete even cosine transform (DECT) 
in both the decimation and interpolation processes, after 

2 5 which the number of frequency terms is altered . In the 

case of decimation, the number of frequency terms is 
reduced, this being followed by inverse transformation to 
produce a reduced-size matrix of sample points 
representing the original block of data. In the case of 

3 0 interpolation , additional frequency components of zero 

value are inserted into the array of frequency components 
after which inverse transformation produces an enlarged 
data sampling set without an increase in spectral 
bandwidth. In the case of sharpening, accomplished by a 
35 convolution or filtering operation involving 
multiplication of transforms of data and filter kernel in 
the frequency domain, there is provided an inverse 
transformation resulting in a set of blocks of processed 
data samples. The blocks are overlapped followed by a 
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savings of designated samples, and a discarding of excess 
samples from regions of overlap. The spatial 

representation of the kernel is modified by reduction of 
5 the number of components, for a linear-phase filter, and 
zero-padded to equal the number of samples of a data 
block, this being followed by forming the discrete odd 
cosine transform (DOCT) of the padded kernel matrix. 

United States Patent No. 5,231,486 discloses a high 

10 definition video system processes a bitstream including 
high and low priority variable length coded Data words. 
The coded Data is separated into packed High Priority Data 
and packed Low Priority Data by means of respective data 
packing units. The coded Data is continuously applied to 

15 both packing units. High Priority and Low Priority Length 
words indicating the bit lengths of high priority and low 
priority components of the coded Data are applied to the 
high and low priority data packers, respectively. The Low 
Priority Length word is zeroed when high Priority Data is 

20 to be packed for transport via a first output path, and 
the High Priority Length word is zeroed when Low Priority 
Data is to be packed for transport via a second output 
path. 

United States Patent No. 5,287,178 discloses a video 
25 signal encoding system includes a signal processor for 
segmenting encoded video data into transport blocks having 
a header section and a packed data section. The system 
also includes reset control apparatus for releasing resets 
of system components, after a global system reset, in a 
3 0 prescribed non-simultaneous phased sequence to enable 
signal processing to commence in the prescribed sequence. 
The phased reset release sequence begins when valid data 
is sensed as transmitting the data lines. 

United States Patent No. 5,124,790 to Nakayama 
discloses a reverse quantizer to be used with image 
memory. The inverse quantizer is used in the standard way 
to decode differential predictive coding method (DPCM) 
5 encoded data. 
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United States Patent No. 5,136,371 to Savatier et al. 
is directed to a de-quantizer having an adjustable 
guantizational level which is variable and determined by 
the fullness of the buffer. The applicants state that the 
novel aspect of their invention is the maximum available 
data rate that is achieved. Buffer overflow and underflow 
is avoided by adapting the quantization step size the 
quantizer 152 and the de-quantizer 156 by means of a 
quantizational level which is recalculated after each 
block has been encoded. The quantization level is 
calculated as a function of the amount of already encoded 
data for the frame, compared with the total buffer size. 
In this manner, the quantization level can advantageously 
be recalculated by the decoder and does not have to be 
transmitted. 

United States Patent No. 5,142,380 to Sakagami et al. 
discloses an image compression apparatus suitable for use 
with still images such as those formed by electronic still 
cameras using solid state image sensors. The quantizer 
employed is connected to a memory means from which 
threshold values of a quantization matrix for the laminate 
signal, Y, and rom 15 stores threshold values of a 
quantization matrix for the crominant signals I and Q. 

United States Patent No. 5,193,002 to Guichard et al. 
disclosed an apparatus for coding/decoding image signals 
in real time in conjunction with the CCITT standard H.261. 
A digital signal processor carries out direct quantization 
and reverse quantization. 

United States Patent No. 5,241,383 to Chen et al. 
describes an apparatus with a pseudo-constant bit rate 
video coding achieved by an adjustable quantization 
parameter. The qunatization parameter utilized by the 
quantizer 32 is periodically adjusted to increase or 
decrease the amount of code bits generated by the coding 
circuit. The change in quantization parameters for coding 
the next group of pictures is determined by a deviation 
measure between the actual number of code bits generated 
by the coding circuits for the previous group of pictures 
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in an estimated number of code bits for the previous group 
of pictures. The number of code bits generated by the 
coding circuit is controlled by controlling the quantizer 
5 step sizes. In general smaller quantizer step sizes 
result in more code bits in larger quantizer step sizes 
result in fewer code bits. 

United States Patent No. 5,113,2 55 to Nagata et al; 
5,126,842 to Andrews et al; 5,253,058 to Gharavi; 
10 5,260,782 to Hui ; and 5,212,742 to Normile et al are 
included for background and as a general description of 
the art. 
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The present invention relates to an improved pipeline 
system having an input, an output and a plurality of 
processing stages between the input and the output, the 
plurality of processing stages being interconnected by a 
two-wire interface for conveyance of tokens along the 
pipeline, and control and/ or DATA tokens in the form of 
universal adaptation units for interfacing with all of the 
processing stages in the pipeline and interacting with 
selected stages in the pipeline for control data and/ or 
combined control-data functions among the processing 
stages, so that the processing stages in the pipeline are 
afforded enhanced flexibility in configuration and 
processing. In accordance with the invention, the 
processing stages may be configurable in response to 
recognition of at least one token* One of the processing 
stages may be a Start Code Detector which receives the 
input and generates and/ or converts the tokens. 

The present invention may also include tokens in the 
form of a PICTURE_START code token for indicating that the 
start of a picture will follow in the subsequent DATA 
token, a PICTURE_END token for indicating the end of an 
individual picture, a FLUSH token for clearing buffers and 
resetting the system, and a COD I NG_S TAND ARD token for 
conditioning the system for processing in a selected one 
of a plurality of picture compress ion /decompress ion 
standards. The present invention also relates to an 
improved pipeline system for decoding video data and 
having a Huffman decoder, an index to data (ITOD) stage, 
an arithmetic logic unit (ALU) , and a data buffering means 
immediately following the system, whereby time spread for 
video pictures of varying data size can be controlled. 
Also in accordance with the invention, a processing stage 
receives the input data stream, the stage including means 
for recognizing specified bit stream patterns, whereby the 
processing stage facilitates random access and error 
recovery. The invention may also include a means for 
performing a stop-after-picture operation for achieving a 
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clear end to picture data decoding, for indicating the end 
of a picture, and for clearing the pipeline. 

The improved pipeline system may also include a fixed 
size, fixed width buffer, and means for padding the buffer 
to pass an arbitrary number of bits through the buffer. 
The present invention also relates to a data stream 
including run length code, and an inverse modeller means 
active upon the data stream from a token for expanding out 
the run level code to a run of zero data followed by a 
level, whereby each token is expressed with a specified 
number of values. The invention also includes an inverse 
modeller stage, an inverse discrete cosine transform 
stage, and a processing stage, positioned between the 
inverse modeller stage and the inverse discrete cosine 
transform stage, responsive to a token table for 
processing data. 

In addition, the present invention relates to an 
improved pipeline system having a Huffman decoder for 
decoding data words encoded according to the Huffman 
coding provisions of either H.261, JPEG or MPEG standards, 
the data words including an identifier that identifies the 
Huffman code standard under which the data words were 
coded, means for receiving the Huffman coded data words, 
means for reading the identifier to determine which 
standard governed the Huffman coding of the received data 
words, if necessary, in response to reading the identifier 
that identifies the Huffman coded data words as H.261 or 
MPEG Huffman coded, means operably connected to the 
Huffman coded data words receiving means for generating an 
index number associated with each JPEG Huffman coded data 
word received from the Huffman coded data words receiving 
means, means for operating a lookup table containing a 
Huffman code table having the format used under the JPEG 
standard to transmit JPEG Huffman table information, 
including an input for receiving an index number from the 
index number generating means, and including an output 
that is a decoded data word corresponding to the index 
number. 
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Examples and further explanation of the present < 
wxll now be described with reference ~„ 



13 



DESCRIPTION OP THE DRAWINGS 

Figure, i illustrates six cycles of a six-stage pipeline for 
different combinations of two internal control signals; 
Figures. 2a and 2b illustrate a pipeline in which each stage 
5 includes auxiliary data storage. They also show the manner 
in which pipeline stages can "compress" and "expand" in 
response to delays in the pipeline; 

Figures. 3a(l), 3a(2) / 3b(l) and 3b(2) illustrate the control 
of data transfer between stages of a preferred embodiment of 
10 a pipeline using a two-wire interface and a multi-phase 
clock; 

Figure. 4 is a block diagram that illustrates a basic 
embodiment of a pipeline stage that incorporates a two-wire 
transfer control and also shows two consecutive pipeline 

15 processing stages with the two-wire transfer control; 

Figures. 5a and 5b taken together depict one example of a 
timing diagram that shows the relationship between timing 
signals, input and output data, and internal control signals 
used in the pipeline stage as shown in Figure. 4; 

20 Figure. 6 is a block diagram of one example of a pipeline 
stage that holds its state under the control of an extension 
bit; 

Figure. 7 is a block diagram of a pipeline stage that decodes 
stage activation data words; 
25 Figures. 8a and 8b taken together form a block diagram 
showing the use of the two-wire transfer control in an 
exemplifying "data duplication" pipeline stage; 
Figures. 9a and 9b taken together depict one example of a 
timing diagram that shows the two-phase clock, the two-wire 
transfer control signals and the other internal data and 
control signals used in the exemplifying embodiment shown in 
Figures. 8a and 8b. 

Figure 10 is a block diagram of a reconf igurable processing 
stage ; 



30 



Figure n is a block diagram of a spatial decoder; 
Figure 12 is a block diagram of a temporal decoder; 
Figure 13 is a block diagram of a video formatter; 
Figures I4a-c show various arrangements of memory blocks used 
m the present invention: 

Figure 14a is a memory map showing a first 

arrangement of macroblocks; 

Figure 14b is a memory map showing a second 
arrangement of macroblocks; 

Figure 14c is a memory map showing a further 
arrangement of macroblocks; 

valuls- 15 Sh ° WS 3 ^ dia9ram ° f P ° Ssible table selection 

Figure 16 shows the variable length of picture data used in 
the present invention; 

Figure 17 is a block diagram of the temporal decoder 
including the prediction filters; 

Figure 18 is a pictorial representation of the prediction 
rutering process; 

Figure 19 shows a generalized representation of the 
macroblock structure; 

Detector; & 9enerall2ed bl ° Ck dia *"» <>f a Start Code 

Figure 21 illustrates examples of start codes in a data 
stream; 

Figure 22 is a block diagram depicting the relationship 
between the flag generator, decode index, header 
generator, extra word generator and output latches- 
Figure 23 is a block diagram of the Spatial Decoder DRAM 
interface; 

Figure 24 is a block diagram of a write swing buffer - 
Figure 25 is a pictorial diagram illustrating prediction data 
offset from the block being processed; 

Figure 26 is a pictorial diagram illustrating prediction data 
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offset by (1,1); 

Figure 27 is a block diagram illustrating the Huffman decoder 
and parser state machine of the Spatial Decoder ; 
Figure 28 is a block diagram illustrating the prediction 
5 filter. 
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a typical decoder system; 

a JPEG still picture decoder; 

a JPEG video decoder; 

a multi-standard video decoder; 

the start and the end of a token; 

a token address and data fields; 

a token on an interface wider than 
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clock propagation; 

two-wire interface timing; 

examples of access structure; 

a read transfer cycle; 

an access start timing; 

an example access with two write 



shows a read transfer cycle; 
shows a write transfer cycle; 
shows a refresh cycle; 

shows a 3 2 bit data bus and a 2 56 kbit 
(9 bit row address) ; 

shows timing parameters for any strobe 

shows timing parameters between any two 

shows timing parameters between a bus and 

shows timing parameters between a bus and 

shows an MPI read timing; 
shows an MPI write timing; 
shows organization of large integers in 

shows a typical decoder clock regime; 
shows input clock requirements; 
shows the Spatial Decoder; 
shows the inputs and outputs of the input 

shows the coded port protocol; 
shows the start code detector; 
shows start codes detected and converted 

shows the start codes detector passing 

shows overlapping MPEG start codes (byte 



17 



Figure 65 shows 
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Figure 66 shows 
sequences ; 

Figure 67 shows 
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Figure 68 shows 

Figure 69 shows 
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Figure 70 shows 
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Figure 74 shows 
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Figure 75 
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Figure 77 shows 
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Figure 78 shows 
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Figure 79 shows 
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Figure 81 shows 
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and output; 

Figure 88 shows 
output ; 
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Figure 90 shows 
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Figure 92 shows 

Figure 93 shows 

Figure 94 shows 
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Figure 9 6 shows 
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Figure 97 shows 

Figure 98 shows 

Figure 99 shows 
blocks ; 
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a video demux; 

a construction of a picture; 

a construction of a 4:2:2 

shows a calculating macroblock dimension 

spatial decoding; 
an overview of H.2 61 inverse 

an overview of JPEG inverse 

an overview of MPEG inverse 

a quantization table memory map; 
an overview of JPEG baseline 

a tokenised JPEG picture; 
a temporal decoder; 
a picture buffer specification; 
an MPEG picture sequence (m=3) ; 
how "I" pictures are stored and 

how "P" pictures are formed, stored 

how "B" pictures are formed and 

P picture formation; 
H.261 prediction formation; 
an H.261 "sequence"; 
a hierarchy of H.2 61 syntax; 
an H.261 picture layer; 
an H.261 arrangement of groups of 

an H.261 "slice" layer; 

an H.2 61 arrangement of 

an H.261 sequence of blocks; 
an H.261 macroblock layer; 
an H.261 arrangement of pels in 
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Figure 100 
Figure 101 
Figure 102 
Figure 103 
Figure 104 
Figure 105 
Figure 106 
Figure 107 
Figure 108 
Figure 109 
Figure no 
Figure in 
Figure 112 
Figure 113 

from a chip address; 
Figure 114 
signal; 
Figure 115 
strobe signals; 
Figure 116 
a strobe; 
Figure 117 
a strobe; 
Figure 118 
Figure 119 

Decoding Flow Chart; 
Figure 12 0 shows 
DC) coefficient decoding; 

coif "c^nt decodingf ° WS * f l0W diagram f ° r JPEG < AC »d DC) 



shows a hierarchy of MPEG syntax- 
shows an MPEG sequence layer- 
shows an MPEG group of pictures layer- 
shows an MPEG picture layer- - L * yer ' 
shows an MPEG -slice" layer - 
shows an MPEG sequence of blocks - 
shows an MPEG macroblock layer- ' 
shows an "open GOP"; 
shows examples of access structure - 
shows access start timings- 
shows a fast page read cycle; 
shows a fast page write cycle; 
shows a refresh cycles- 
shows extracting row and column address 

shows timing parameters for any strobe 

shows timing parameters between any two 

shows timing parameters between a bus and 

shows timing parameters between a bus and 

shows a Huffman decoder and parser * 
shows an H.261 and an MPEG AC Coefficient 

block diagram for JPEG (AC and 
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Formatters- 
Figure 123 
Figure 124 
Decoding; 
Figure 125 
Figure 12 6 
ALUs- 
Figure 127 
Figure 128 
Figure 129 
Figure 130 
Figure 131 
Figure 13 2 
Figure 133 
Figure 134 
Figure 135 
Figure 13 6 
Figure 137 
Figure 138 
Figure 139 



shows an interface to the Huffman Token 

shows a token formatter block diagram- 
shows an H.261 and an MPEG AC Coefficient 

lEowI £?f interface to the Huffman ALUs- 
shows the basic structure of the Huf fmaA 

shows the buffer managers- 
shows an imodel and hsppk block diagram; 
shows an lmex state diagram; 
illustrates the buffer start-up- 
shows a DRAM interfaces- 
shows a write swing buffers- 
shows an arithmetic blocks- 
shows an iq block diagrams- 
shows an iqca state machines- 
shows an IDCT l-D Transform Algorithm ; 
shows an IDCT l-D Transform Architecture • 
shows a token stream block diagrams- 
shows a standard block structure; 
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Figure 14 0 is a 

microprocessor test access; 



Figure 141 
Figure 142 
Figure 14 3 
interface stage; 
Figure 14 4 
diagram; 
Figure 145 
Figure 14 6 
Figure 147 
Figure 148 
Figure 14 9 
Figure 150 
Figure 151 
Figure 152 
Figure 153 
Figure 154 
Figure 155 



diagram with timing references; 
Figure 156 shows the 

presentation numbers; 
Figure 157 
(complete) ; 
Figure 158 
Figure 159 



block diagram showing; 

shows 1-D Transform Micro-Architecture; 
shows a temporal decoder block diagram; 
shows the structure of a Two-wire 

shows the address generator block 

shows the block and pixel offsets; 
shows multiple prediction filters; 
shows a single prediction filter; 
shows the l-D prediction filter; 
shows a block of pixels; 

shows the structure of the read rudder; 
shows the block and pixel offsets; 
shows a prediction example; 
shows the read cycle; 
shows the write cycle; 

shows the top-level registers block 
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control for incrementing 

shows the buffer manager state machine 

shows the state machine main loop; 
shows the buffer 0 containing an SIF (22 



shows the SIF component 0 with a display 



Figure 160 
window; 

USS™ 1 ^ t, ^ shows an example picture format showing 
storage block address; 

Figure 162 shows a buffer 0 containing a SIF (22 by 

18 macroblocks) picture; y 

shows an example address calculation; 
shows a write address generation state 
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Figure 164 
machine; 
Figure 165 
Figure 166 
datapath; 
Figure 167 
Figure 168 
and 

Figure 169 
converter. 



shows a slice of the datapath; 
shows a two cycle operation 



of the 



shows mode 1 filtering; 

shows a horizontal up-sampler datapath; 
shows the structure of the color-space 
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SUMMARY OP THE INVENTION 

Briefly, and in general terms, the present invention 
provides an input, an output and a plurality of processing 
stages between the input and the output, the plurality of 
processing stages being interconnected by a two-wire 
interface for conveyance of tokens along a pipeline, and 
control and/ or DATA tokens in the form of universal 
adaptation units for interfacing with all of the stages in 
the pipeline and interacting with selected stages in the 
pipeline for control, data and/or combined control-data 
functions among the processing stages, whereby the 
processing stages in the pipeline are afforded enhanced 
flexibility in configuration and processing. 

Each of the processing stages in the pipeline may 
include both primary and secondary storage, and the stages 
in the pipeline are reconf igurable in response to 
recognition of selected tokens. The tokens in the 
pipeline are dynamically adaptive and may be position 
dependent upon the processing stages for performance of 
functions or position independent of the processing stages 
for performance of functions. 

in a pipeline machine, in accordance with the 
invention, the tokens may be altered by interfacing with 
the stages, and the tokens may interact with all of the 
processing stages in the pipeline or only with some but 
less than all of said processing stages. The tokens in 
the pipeline may interact with adjacent processing stages 
or with non-adjacent processing stages, and the tokens may 
reconfigure the processing stages. Such tokens may be 
position dependent for some functions and position 
independent for other functions in the pipeline. 

In an improved pipeline machine, in accordance with 
the invention, the tokens may include an extension bit for 
each token, the extension bit indicating the presence of 
additional words in that token and identifying the last 
word in that token. The address fields may be of variable 
length and may also be Huffman coded. 



In the improved pipeline machine, the tokens may be 
generated by a processing stage. Such pipeline tokens may 
include data for transfer to the processing stages or the 
tokens may be devoid of data. Some of the tokens may be 
identified as DATA tokens and provide data to the 
processing stages in the pipeline, while other tokens are 
identified as control tokens and only condition the 
processing stages in the pipeline, such conditioning 
including reconfiguring of the processing stages. Still 
other tokens may provide both data and conditioning to the 
processing stages in the pipeline. Some of said tokens 
may identify coding standards to the processing stages in 
the pipeline, whereas other tokens may operate independent 
of any coding standard among the processing stages. The 
tokens may be capable of successive alteration by the 
processing stages in the pipeline. 

In accordance with the invention, the interactive 
flexibility of the tokens in cooperation with the 
processing stages facilitates greater functional diversity 
of the processing stages for resident structure in the 
pipeline, and the flexibility of the tokens facilitates 
system expansion and/or alteration. The tokens may be 
capable of facilitating a plurality of functions within 
any processing stage in the pipeline. Such pipeline 
tokens may be either hardware based or software based. 
Hence, the tokens facilitate more efficient uses of system 
bandwidth in the pipeline. The tokens may provide data 
and control simultaneously to the processing stages in the 
pipeline. 

The invention may include a pipeline processing 
machine for handling plurality of separately encoded bit 
streams arranged as a single serial bit stream of digital 
bits and having separately encoded pairs of control codes 
and corresponding data carried in the serial bit stream 
and employing a plurality of stages interconnected by a 
two-wire interface, further characterized by a start code 
detector responsive to the single serial bit stream for 
generating control tokens and DATA tokens for application 
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to the two-wire interface, a token decode circuit 
positioned in certain of the stages for recognizing 
certain of the tokens as control tokens pertinent to that 
5 stage and for passing unrecognized control tokens along 

the pipeline, and a reconf igurable decode and parser 
processing means responsive to a recognized control token 
for reconfiguring a particular stage to handle an 
identified DATA token. 

10 In accordance with the invention, one of the stages 

is a Start Code Detector for receiving the input and being 
adapted to generate and/ or convert the tokens. The Start 
Code Detector is responsive to data to create tokens, 
searches for and detects start codes and produces tokens 

15 in response thereto, and is capable of detecting 

overlapping start codes, whereby the first start code is 
ignored and the second start code is used to create start 
code tokens. 

The Start Code Detector stage is adapted to search an 

20 input data stream in a search mode for a selected start 

code. The detector searches for breaks in the data 
stream, and the search may be made of data from an 
external data source. The Start Code Detector stage may 
produce a START CODE token, a PICTURE_START token, a 

25 SLICE_START token, a PICTURE_END token, a SEQUENCE_START 

token, a SEQUENCE_END token, and/or a GROUP_START token. 
The Start Code Detector stage may also perform a padding 
function by adding bits to the last word of a token. 

The Start Code Detector may provide, in a machine for 

3 0 handling a plurality of separately encoded bit streams 

arranged as a serial bit stream of digital bits and having 
separately encoded pairs of start codes and data carried 
in the serial bit stream, a Start Code Detector subsystem 
having first, second and third registers connected in 

35 serial fashion, each of the registers storing a different 

number of bits from the bit stream, the first register 
storing a value, the second register and a first decode 
means identifying a start code associated with the value 
contained in said first register. Circuit means shift the 
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latter value to a predetermined end of the third register, 
and a second decode means is arranged for accepting data 
from the third register in parallel. 

A memory may also be provided which is responsive to 
the second decode means for providing one or more control 
tokens stored in the memory as a result of the decoding of 
the value associated with the start code. A plurality of 
tag shift registers may be provided for handling tags 
indicating the validity of data from the registers. The 
system may also include means for accessing the input data 
stream from a microprocessor interface, and means for 
formatting and organizing the data stream. 

In accordance with the invention, the Start Code 
Detector may identify start codes of varying widths 
associated with differently encoded bit streams. The 
detector may generate a plurality of DATA Tokens from the 
input data stream. Further in accordance with the 
invention, the system may be a pipeline system and the 
Start Code Detector may be positioned as the first 
processing stage in the pipeline. 

The present invention also provides, in a system 
having a plurality of processing stages, a universal 
adaptation unit in the form of an interactive interfacing 
token for control and/ or data functions among the 
processing stages, the token being a PICTURE_START code 
token for indicating that the start of a picture will 
follow in the subsequent DATA token. 

The token may also be a P I CTURE__END token for 
indicating the end of an individual picture. 

The token may also be a FLUSH token for clearing 
buffers and resetting the system as it proceeds down the 
system from the input to the output. In accordance with 
the invention, the FLUSH token may variably reset the 
stages as the token proceeds down the pipeline. 

The token may also be a CODING_STANDARD token for 
conditioning the system for processing in a selected one 
of a plurality of picture compression/decompression 
standards. 



21c 

The CODING_STANDARD token may designate the picture 
standard as JPEG, and/ or any other appropriate picture 
standard. At least some of the processing stages 
reconfigure in response to the CODING_STANDARD token. 

One of the processing stages in the system may be a 
Huffman decoder and parser and, upon receipt of a 
CODING_STANDARD control token, the parser is reset to an 
address location corresponding to the location of a 
program for handling the picture standard identified by 
the CODING_STANDARD control token. A reset address may 
also be selected by the CODING_STANDARD control token 
corresponding to a memory location used for testing the 
Huffman decoder and parser. 

The Huffman decoder may include a decoding stage and 
an Index to Data stage, and the parser stage may send an 
instruction to the Index to Data Unit to select tables 
needed for a particular identified coding standard, the 
parser stage indicating whether the arriving data is 
inverted or not. 

The aforedescribed tokens may take the form of an 
interactive metamorphic interfacing token. 

The present invention also provides a system for 
decoding video data, having a Huffman decoder, an index to 
data (ITOD) stage, an arithmetic logic unit (ALU) , and a 
data buffering means immediately following the system, 
whereby time spread for video pictures of varying data 
size can be controlled. 

The system may include a spatial decoder having a 
two-wire interface intercon-necting processing stages, the 
interface enabling serial processing for data and parallel 
processing for control. 

As previously indicated, the system may further 
include a ROM having separate stored programs for each of 
a plurality of picture standards, the programs being 
selectable by a token to facilitate processing for a 
plurality of different picture standards. 
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The spatial decoder system also includes a token 
formatter for formatting tokens, so that DATA tokens are 
created . 

The system may also include a decoding stage and a 
parser stage for sending an instruction to the Index to 
Data Unit to select tables needed for a particular 
identified coding standard, the parser stage indicating 
whether the arriving data is inverted or not. The tables 
may be arranged within a memory for enabling multiple use 
of the tables where appropriate. 

The present invention also provides a pipeline system 
having an input data stream, and a processing stage for 
receiving the input data stream, the stage including means 
for recognizing specified bit stream patterns, whereby 
said stage facilitates random access and error recovery. 
In accordance with the invention, the processing stage may 
be a start code detector and the bit stream patterns may 
include start codes. Hence, the invention provides a 
search-mode means for searching differently encoded data 
streams arranged as a single serial stream of data for 
allowing random access and enhanced error recovery. 

The present invention also provides a pipeline 
machine having means for performing a stop-after-picture 
operation for achieving a clear end to picture data 
decoding, for indicating the end of a picture, and for 
clearing the pipeline, wherein such means generates a 
combination of a PICTURE_END token and a FLUSH token. 

The present invention also provides, in a pipeline 
machine, a fixed size, fixed width buffer and means for 
padding the buffer to pass an arbitrary number of bits 
through the buffer. The padding means may be a start code 
detector . 

Padding may be performed only on the last word of a 
token and padding insures uniformity of word size. In 
accordance with the invention, a reconf igurable processing 
stage may be provided as a spatial decoder and the padding 
means adds to picture data being handled by the spatial 
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decoder suff icent additional bits such that each 
decompressed picture at the output of the spatial decoder 
is of the same length in bits. 

The present invention also provides, in a system 
having a data stream including run length code, an inverse 
modeller means active upon the data stream from a token 
for expending out the run level code to a run of zero data 
followed by a level, whereby each token is expressed with 
a specified number of values . The token may be a DATA 
token . 

The inverse modeller means blocks tokens which lack 
the specified number of values, and the specified number 
of values may be 64 coefficients in a presently preferred 
embodiment of the invention. 

The practice of the invention may include an 
expanding circuit for accepting a DATA token having run 
length codes and decoding the run length codes. A padder 
circuit in communication with the expanding circuit checks 
that the DATA token has a predetermined length so that if 
the DATA token has less than the predetermined length, the 
padder circuit adds units of data to the DATA token until 
the predetermined length is achieved. A bypass circuit is 
also provided for bypassing any token other than a DATA 
token around the expanding circuit and the padding 
circuit. 

In accordance with the invention, a method is 
provided for data to efficiently fill a buffer, including 
providing first type tokens having a first predetermined 
width, and at least one of the following formats: 
Format A - ExxxxxxLLLLLLLLLLL 

Format C - EOOOOooi;r/r/r/r/r/rT P T P T f T, 
where E=extention bit; F=specifics format; R=run bit; 
L=length bit or non-data token; x="don't care" bit, 
splitting format A tokens into a format Oa token having a 
form of ELLLLI J.T.TJiLL , splitting format B tokens into a 
format 1 token having the form of FRRRKRRO 0000 and a 
format 0a data token, splitting format C tokens into a 
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format 0 token having the form of FLLLLLLLLLLL, and 
packing format 0, format 0a and format 1 tokens into a 
buffer, having a second predetermined width. 

The invention also provides an apparatus for 
providing a time delay to a group of compressed pictures, 
the pictures corresponding to a video compression/ 
decompression standard, wherein words of data containing 
compressed pictures are counted by a counter circuit and 
a microprocessor, in communication with the counter 
circuit and adapted to receive start-up information 
consistent with the standard of video decompression, 
communicates the start-up information to the counter 
circuit. 

An inverse modeller circuit, for accepting the words 
of data and capable of delaying the words of data, is in 
communication with a control circuit intermediate the 
counter circuit and the inverse modeller circuit, the 
control circuit also communicating with the counter 
circuit which compares the start-up information with the 
counted words of data and signals the control circuit. 
The control circuit queues the signals in correspondence 
to the words of data that have met the start-up criterion 
and controls the inverse modeller delay feature. 

The present invention also provides in a pipeline 
system having an inverse modeller stage and an inverse 
discrete cosine transform stage, the improvement 
characterized by a processing stage, positioned between 
the inverse modeller stage and the inverse discrete cosine 
transform stage, responsive to a token table for 
processing data. 

In accordance with the invention, the token may be a 
QUANT_TABLE token for causing the processing stage to 
generate a quantization table. 

The present invention also provides a Huffman decoder 
for decoding data words encoded according to the Huffman 
coding provisions of either H. 261, JPEG or MPEG standards, 
the data words including an identifier that identifies the 
Huffman code standard under which the data words were 
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coded, and comprising means for receiving the Huffman 
coded data words, means for reading the identifier to 
determine which standard governed the Huffman coding of 
the received data words, means for converting the data 
words to JPEG Huffman coded data words, if necessary, in 
response to reading the identifier that identifies the 
Huffman coded data words as H.261 or MPEG Huffman coded, 
means operably connected to the Huffman coded data words 
receiving means for generating an index number associated 
with each JPEG Huffman coded data word received from the 
Huffman coded data words receiving means, and means for 
operating a lookup table containing a Huffman code table 
having the format used under the JPEG standard to transmit 
JPEG Huffman table information, including an input for 
receiving an index number from the index number generating 
means, and including an output that is a decoded data word 
corresponding to the index number. 

The invention further relates, in varying degrees of 
scope, to a method for decoding data words encoded 
according to the Huffman coding provisions of either 
H.261, JPEG or MPEG standards, the data words including an 
identifier that identifies the Huffman code standard under 
which the data words were coded, such steps comprising 
receiving the Huffman coded data words, including reading 
the identifier to determine which standard governed the 
Huffman coding of the received data words, if necessary, 
in response to reading the identifier that identifies the 
Huffman coded data words as H.261 or MPEG Huffman coded, 
generating an index number associated with each JPEG 
Huffman coded data word received, operating a lookup table 
containing a Huffman code table having the format used 
under the JPEG standard to transmit JPEG Huffman table 
information, including receiving an index number, and 
generating a decoded data word corresponding to the 
received index number. 

The above and other objectives and advantages of the 
invention will become apparent from the following more 
detailed description. 



the ensuing description of the practice of the 
mention, the following terms are frequently used and are 
generally defined by the following glossary: 

GLOSSARY 

BLOCK: An s-rov, by s-colu,n matrix of pels , Qr „ DCT 
coefficients (source, quantized or dequantized) . 
CHROMXNANCE (COMPONENT,: A matrix, b^c* or single pel 
representing one of the two color difference signals related 
to the primary colors in the manner defined in the bit 

:n°c D o E :e; E f p :r E : ENTiTioN! a d -° - — - - 

CODED VIDEO BIT STREAM, a coded representation of a series of 
one or .ore pictures as defined in this specification 

ZTT™: ° rder ^ " e Pi ™ «• -fitted 

::s P ::r:::er. This order is - >■ - — - - 

components matrix, bloc* or singie pel fro, one of the 

a Picture " S <1UninanCe ^»i"«c.) that „a*e up 

COMPRESSION: Reduction in the number of bits used to 
represent an item of data. 

DECODER: An embodiment of a decoding process 

that reads an input coded bitstream and produces decoded 
pictures or audio samples 

DISPLAY ORDER : The order in which the decoded pictures are 

d.splayea. Typically, this is the same order in which thev 

-ere presented at the input of the encoder 

ENCODING (PROCESS): A Droces* 

process, not specified in this 

specification, that reads a stream of input pictures or audio 
sanp.es and produces a valid coded bitstream as defined i, 

" nis specification . 
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INTRA CODING: Coding of a macroblock or picture that uses 
information only from that macroblock or picture 
LUMINANCE (COMPONENT) : A matrix, block or single pel 
representing a monochrome representation of the signal and 
related to the primary colors in the manner defined in the 
bit stream. The symbol used for luminance is y 
MACROBLOCK : The four 8 by 8 blocks of luminance data and the 
two (for 4:2:0 chroma format) four (for 4:2:2 chroma format) 
or eight (for 4:4:4 chroma format) corresponding 8 by 8 
blocks of chrominance data coming from a 16 by 16 section of 
the luminance component of the picture. Macroblock is 
sometimes used to refer to the pel data and sometimes to the 
coded representation of the pel values and other data 
elements defined in the macroblock header of the syntax 
defined in this part of this specification. To one of 
ordinary skill m the art, the usage is clear fron the 
context . 

MOTION COMPENSATION : The use of motion vectors to improve the 
efficiency of the prediction of pel values. The prediction 
uses motion vectors to provide offsets into the past and/or 
' Umt reference Pictures containing previously decoded p.i 
values that are used to form the prediction error signal 
MOTION VECTOR : A two-dimensional vector used for notion 
compensation that provides an offset from the coordinate 
position m the current picture to the coordinates in a 
reference picture . 

NON- INTRA CODING: Coding of a macroblock or picture that uses 
information both from itself and from macroblocks and 
pictures occurring at other times. 
PEL: Picture element. 

PICTURE: Source, coded or reconstructed image data. A source 
or reconstructed picture consists of three rectangular 
-atrices of 8-bit numbers representing the luminance and :v: 
cnror.inance signals. For progressive video, a picture : = 
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identical to a frame, whil. for interlaced video, a picture 
can refer to a frame, or the top field or the bottom field of 
the frame depending on the context 

PREDICTION The use of a predictor to provide an estate of 
the pel value or data element currently being decoded 
RECONFIGURABLE PROCESS STAGE (RPS): A stage, which 
response to a recognized token, reconfigures itself 
perform various operations. 
SLICE: A series of macroblocks. 

TOKEN: A universal adaptation unit in the form of an 
interactive interfacing messenger package for control and/or 

aata functions. 

STMT COOES [SYSTEM AND VIDEO) = „. bit codes emt)edded lf) , 
coded bitstream that are unique. They are used for several 
purposes including identifying some of the structures in the 

coamg syntax. 

VARIABLE LENGTH CODING; VLC: A reversible procedure fo . 
coding that assigns shorter code-words to frequent events and 
monger code-words to less frequent events. 

VIDEO SEQUENCE • A aoy-i^^ 

U WCE " A series of one or more pictures 
Detailed Descriptions 
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AS an , D ; SCR " TI0N ° F ™ ILLUSTRATIVE EMBODIMENT 

A. an introduction to the most general features used in a 
Pipeline system which is utilized in *h 
embodiments of the invention, Fig , is ^ 
illustration of six cycles of « * neatly simplified 

x cycles of a six-stage pipeline < 
explained in greater detail belo „, ^ pr >> r ^ • 

:L t r i r^ i r ) . inciudes severai — - « 

Referring now to the drawings, wherein lUce reference 
™is denote like or corresponding elements through!" 1 

fig- 1, there is shown a block diaaram nf • 

utR aiagram of six cvc 1 <=.<= i„ 
Practice of the present invention. Each row of box s 

" r f SS ' •«»■» of the different stages a" 

allied A-r. respectively. Ea ch shaded b o* indicates that 
the corresponding stage holds valid data, i.e., data -1 

process p ;:" s r d h in one of the pipeiine «- 

processing which nay involve nothing n,ore than a si, c . 8 

r : ithout ™»»™«> - «>. -«.> v. lld ..vr;: 

transferred out of the pipeline as valid output data 

or T. er thin" -elude nore 

-h. Pipeline stages. As will be appreciated 

.he present invention „av b e used with any nu„ber of p lp e"„ e 
tages. furthermore, data aay he processed in „ore Z M " 
;;!L ana tfte Pr0 « SSi " 9 "« -r different stages 1 
in addition to clock and data signals (described b ., oa . 

i *T ^ inClUdeS tuo ~»t~l signals - a 

•AL.„ signal and an "ACCEPT" signal. These signals 
»o to control the transfer of data within the pipeline 
-e .„L.D Signal, which is illustrated as the upper of ~ e 
-o anes connecting neighboring stages, is passed in "a 
orward or downstrean, direction fro* each pipeline staoe to 
-■e nearest neighboring device. This device r,ay be .not — 
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Pipeline stage or some other system. For example, the last 
Pipeline stage may pass its data on to subsequent processing 
circuitry. The ACCEPT signal, which is illustrated as the 
lower of the two lines connecting neighboring stages, passes 
in the other direction upstream to a preceding device 

A data pipeline system of the type used in the practice o* 
the present invention has, in preferred embodiments, one o~ 
more of the following characteristics: 

l. The pipeline is "elastic" such that a delay at a 
particular pipeline stage causes the minimum disturbance 
possible to other pipeline stages. Succeeding pipeline 
stages are allowed to continue processing and, therefore 
this means that gaps open up in the stream of data 
following the delayed stage. Similarly, preceding 
Pipeline stages may also continue where possible. In this 
case, any gaps m the data stream may, wherever possible 
be removed from the stream of data. 

2. Control signals that arbitrate the pipeline are 
organized so that they only propagate to the nearest 
neighboring pipeline stages. m the case of signals 
flowing in the same direction as the data flow, this «, 
the immediately succeeding stage. m the case of signals 
r lowing in the opposite direction to . the data flow, this 
the immediately preceding stage. 
The data in the pipeline is encoded such that many 
different types of data are processed in the pipeline 
This encoding accommodates data packets of variable size 
and the size of the packet need not be known in advance 
4. The overhead associated with describing the type of 
data is as small as possible. 

=• I- is possible for each pipeline stage to recoonize 
on.y the rr.iniir.um number of data types that are needed for 
its required function. it should, however, still be able 
to pass all data types onto the succeeding stage ever. 
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though lt does not recogni2e then Th . s 

co^unication between non-accent pipeline stages. 
Although not shown in Fig. lf there are data 

data b "T* " " Veral Pirallel °™ * 

data b us that also ie.d into and out of each pipeiine stage 

AS is explained and iUustrated in greater detail below, data 
is transferred into, out of. and between the stages of the 
pipeline over the data lines. 

Note that the first pipeline stage may receive data and 
control signals fro* any. for. of preceding device. £ 

s™ ™ tion c ; rcuitry of a di9itai t»"»l«io» 

system, another pipeline, or the liKe. 0n . th e other hand, it 
»av generate itself, all or part of the data to be processed 
- the pipeline. mdeed, as is explained beiow, a -sta,^ 
«y cent a r y processipg circuitr ^ ^^^^ .9. 

exaJle T '""^ °' (for 

««Pi.. another pipeline or even multiple systens or 
Pipelines,, and it »ay generate, change, and delete data as 

tra:;;;r:ed pip ;ow; e t;: a9 p e i:;;" ins ^ - - - 

the pipeline, the VALID signal „ hi „ k 
indicates data validity need ,,„, k - signal, which 

.„ y ' need not b « transferred further than 

: o the mediately subsequent pipeline stage. a tuo "\ 
interface is. therefore, included between every pair c 
Pipeline stages in the syste m . This includes * * 
interface between * or-^^ • wxre 
h.rw D « u «" a preceding device and the first stage, and 

between a subsequent device and the last stage, if such other 
devices are included and data is to be transferred between 
-her. and the pipeline. 

Each of the signals, ACCEPT and VALID , has a HIGH and a 
— value. These values are abbreviated as »H» and 
respectively. The most common applications of the pipeline 
*n practicing the invention, will typically be digital. - 
such digital implementations, the HIGH value may, for 
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example, be a logical -i- and the LOW value may be a logical 
The system i. not restricted to digital 
^mentations, however, and in analog implementations, the 
HIGH value may be a voltage or other similar quantity above 
(or below) a set threshold, with the LOW value being 
indicated by the corresponding signal being below (or above) 
the same or some other threshold. For digital applications 
the present invention may be implemented using any known 
technology, such as CMOS, bipolar etc. 

It is not necessary to use a distinct storage device and 
wxres to provide for storage of VALID signals. This is true 
even in a digital embodiment. All that is required is that 
the indication of "validity" of the data be stored along with 
the data. By way of example only, in digital television 
Pictures that are represented by digital values, as specified 
ln thS inte ™^ional standard CCIR 601, certain specific 
values are not allowed. m this system, eight-bit b-I-y 
numbers are used to represent samples of the picture and the 
values zero and 2 55 may not be used. 

If such a picture were to be processed in a pipeline built 
m the practice of the present invention, then one of these 
vaxues (zero, for example) could be used to indicate that the 
data ln a specific stage in the pipeline is not valid 
-ccoraingly, any non-zero data would be deemed to be valid 
in this example, there is no specific latch that can be 
identified and said to be storing the "validness" of the 
associated data. Nonetheless, the validity of the data is 
stored along with the data. 

As shown in Fig. i, the state of the VALID signal into 
each stage is indicated as an »H» or an »L» on an upper, 
right-pointed arrow. Therefore, the VALID signal from staae 
A into Stage B is LOW, and the VALID signal from Stage D i.-t = 
Stage E is HIGH. The state of the ACCEPT signal into „cr. 
stage is indicated as an » H » or an »L» on a lower, 
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pointing arrow. Hence, the ACCEPT fi i nna i * 

Stage D is high w k- accept signal from Stage E into 

y u 1S high, whereas the ACCEPT ~ 

Data is transferred from one s ta« t- 
* cycl. (explained below) whenever £ a^^" fT' 3 
downstream stage into its UDfi , r ^ ° f the 

ACCEPT ^ i upstream neighbor is HIGH. if tne 

Slg H nal 15 L ° W bet — ^o stages, then data is rot 
transferred between these stages. 

Referring again to Fig. l if a w 
^responding P i peline s J ge £ ^ ^ - 

to contain valid output data. Lik ewise thei r 

which is passed from that stage t 1 ^ 519031 

htph Fi , ■ stage to the following stage is 

HIGH. ^9- 1 illustrates the pipeline when stages B D and 
Contain data. stages A c and p „ 

valid data At t-h- k • ■ F d ° not contain 

stage "V high be91nnin9 ' th * VALID into pipeline 

ge .s HIGH, waning that the data on the "trans-" ss < ~„ 

une lnto c he pipeline is valid ans....ss_n 

r "s SO L0 a w T T*' ACCEPT Si9nal int ° P^-""- stage 

i« LOW, so that no data, whether valid or not T 
transferred out of st aOB r kt ^ tf ls 

; hiCn 15 data — h -ving. may be written over therebv 

eliminating it from the pipeline . However valid A 
net be written over since it is data thl! It 

processing or use in « h ^ * S3Ved for 

9 r use ln a downstream device e a a 
stage a devir-o ~~ e e -9-/ a Pipeline 

age, device or a system connected to the pipeline th.r 
receives data from the pipeline. P*P«Hne that 

In the pipeline illustrated in Fig i st * oe F 
valid data Dl Staoe n ■ 9 contains 

a Dl, stage D contains valid data D2 , Stage » 
-^".ains valid d?ra _, ^ w 

. " 3 ' ana 3 device (not shown) connected tc 

. P lpeiln * -Pstream contains data D4 that is to oe 
^ar.s.erred into and processed in the pipeline. Stages B, « 
no E, m addition to the upstream device, contain valid da-a 
no, therefore, the VALID signal from these stages or devices 
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into their respective following devices is HIGH. The VALID 

signal from the Stages A c anrf r = w 

^ A ' c and F ls » however, LOW since 
these stages do not contain valid data. 

Assume now that the device connected downstream from the 
Pipeline is not ready to accept data from the pipeline. The 
device, signal, this by setting the corresponding ACCEPT 
signal LOW into Stage F. stage F itself, however, does not 
contain valid data and is, therefore, able to accept data 
from the preceding Stage E. Hence, the ACCEPT signal from 
stage F into Stage E is set HIGH. 

Similarly. Stage E contains valid data and stage F is 
ready to accept this data. Hence, stage E can accept new 
data as long as the valid data Dl is first transferred to 
Stage F. m other words, although Stage F cannot transfer 
data downstream, all the other stages can do so without any 
valid data being overwritten or lost. At the end of Cycle l 
aata can, therefore, be "shifted" one step to the right .' 
This condition is shown in Cycle 2. 

in the illustrated example, the downstream device is stiU 
not ready to accept new data in Cycle 2 and, therefore, the 
ACCEPT signal into Stage F is still LOW . stage F cannot, 
.here.ore. accept new data since doing so would cause vaUd 
aata Dl to be overwritten and lost. The ACCEPT signal from 
Stage F into Stage E, therefore, goes LOW, as does the ACC-P- 
signal from Stage E into Stage D since Stage E also contains 
valid data D2 . All of the Stages A-D, however, are able ~o 
accept new data (either because they do not contain vaKd 
data or because they are able to shift their valid data 
aownstream and accept new data) and they signal th-s 
condition to their immediately preceding neighbors by setting 
tr.eir corresponding ACCEPT signals HIGH. 

The state of the pipelines after Cycle 2 is illustrated ir. 
Fig. i for the row labelled Cycle 3. By way of example, it 
-s assumed that the downstream device is still not readv :: 
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accept new data from stage F (the ACCEPT «i„„ , • 

- Cycle 3 . sta,e D has received th . valid data * £ 

Since stage D cannot pass on data D3 in cycle 3 it 
cannot accept ne» data and. therefore, sets the A cc J r s ,„ 

— r-i-r - - - - — 

accent" 6 T d °" nStr "" d *"i« becomes ready to 

accept new data in Cycle 4. It signals this to the pipeline 

si:::r° th v ccEPT s ^ ^° * ««>• ' - c 

d-nstrea", an" a" "1" "~ «» 

uuwustream and are, thu<5 ahi» 

« ' able to ac cept new data. since 

eacn stage is therefore aOle to shift data one s-e c 

downstream thev ear «-k ■ s^ep 

y S6t thSlr respective ACCEPT signals out 



HIGH, 



As long as the ACCEPT signal into tne finftl pipeline 
(m this example, stage F) is HIGH th . ■ * St * ge 
Fia 1 ar-r* HIGH ' tne Pipeline shown in 

Fig. 1 acts as a rigid pipeline and simply shifts d »* m 
step downstream on each cycle a«= m1 -h • f ° M 
m * % • , Cycle - Accordingly, in Cycle 5 da^a 

01, which was contained in Stage F in Cycle 4 is shifts 
of the pipeline to the subseguent device, and 
is shifted one step downstream. * 

Assume now, that the ACCEPT «s„„«i • ^ 
in Cycle 5 Qnem , • 91 lnt ° Stage F goes WK 

Cycle 5. once again, this means that Stages D-F are nor 

e ° 3C ; ePt dat3 ' ACCEPT cut of these 

h="e e^ he d " " ^ ^ downstream 

.uwev'e^ , the data D5 r^n tu 

Fipel^e after r . ^ Corre sP°nding state of the 

The ahil -, * ' thUS ' shown ^ Fig. i as Cycie 6. 

' ne ability of the pipeline in 
p r ef errP rt „ K „ ■ F P lne ' ln accordance with the 

prererrea embodiments of the D rp«rt • 

ne P rese nt invention, to "fill uc « 
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empty processing, stages is highly advantageous since the 
processing stages in the pipeline thereby become decouple 
fro, one another. In other words, even though a pipelLe 
stage nay not be ready to accept data, the entire pipeline 
» does not have to stop and wait for the delayed stage 
Rather, when one stage is unable to accept valid data it 
simply forms a temporary "wall.. in the pipeline 
Nonetheless, stages downstream of the ••wall" can continue to 
advance valid data even to circuitry connected to the 
10 Pipeline, and stages to the left of the "wall" can still 
accept and transfer valid data downstream. Even when several 
Pipeline stages temporarily cannot accept new data, other 
stages can continue to operate normaUy. ln particular, the 
^ Pipeline can continue to accept data into its initial stage 
- " l°ng as stage A does not already contain valid data that 

cannot be advanced due to the next stage not being ready to 
accept ne-. data. As this example illustrates, data ca be 
-rans.erred into the pipeline and between stages even when 
=ne or nore processing stages is blocked. 

in the embodiment shown in Fig. i, it is assumed that the 
var.ous pipeline stages do not store the ACCEPT signals they 
receive £ rom their immediately Allowing neighbors l„ s tea d 
-henever the ACCEPT signal into a downstream stage goes Low' 
Si * nl1 is P»p.,«.d upstream as far as th! nearest 
2= Pipeline stage that does not contain valid data 

example, referring to Fig. i. it was assumed that the ACCEPT 
signal into stage F goes LOW in Cycle 1. In Cycle 2, the Lew 
signal propagates from stage F back to stage D. 

In cycle 3, when the data D3 is latched into stage D. the 
-• .-.~Cr.PT sxgnal propagates upstream four stages to stage c 
»nen the ACCEPT signal into stage F goes HIGH in Cycle 4, it 
• -ust propagate upstream all the way to Stage c. In other 
-ords, the change in the ACCEPT signal must propagate back 
st ^ es ' " i= not necessary, however, in the embodiment 
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T « ^ le to ac( =ept new data. 

In the embodiment illustrated in Fin , u 
stage will still 9 * ' SaCh PiP^ine 

to .„ ' separate input and output data latches 

to allow data to be transferred between stages without 
unintended overwriting. Also ,1- w ° Ut 

°' although the Dinel-n© 
illustrated in Fig 1 is a hi» ,, Pipeline 
. . . 9 1 13 able to "compress" when downstrear 

da": tr ^ blOC ^ they cannot pass on the 

data the contain> tne pipel . ne 

-ages that contain no valid data between stages 
cent valld data . Ratherj ^ ^ * • 

to T h ^ CyCl6S dUri " 9 WhlCh »° ^ is P resLe d 

to the first pipeline stage. presented 

F rera^-^ow ^ 6XamPle ' " ACCEPT ^° Staae 

a L ° W Valid data ^lled pipeline stages A and 3 

.. xong valld ^ continued ^ ^ t 9 staae - 

th.pxp.ixn. would not be able to compress any further and 

,s able to compress as long as there is a D <n., • 

does not contain valid data. PiP«Hn. stage that 

■ Fig 2 illustrates another embodiment of the pipeline -ha- 
; an both compress and expand ^ a iQgicai P P n. J 

-c.udes circuitry that llnit . propagation of thg ^ 
s^nal to the nearest preceding stage. Although 
circuitry for implementing this embodiment is explained ^ 

: 9rSater dStaii ^- 2 serves Z 

" iU "* ate the P ri "<:iple by which it operates. 

*or ease of comparison only, the input data and acce?" 
sigr.a.s into the pipeline embodiment shown in Fig. 2 are the 
sane as m the pipeline embodiment shown in Fia. -. 
Accordingly, stages E, D and B contain valid data Dl ~ --- 
D3. respectively. The ACCEPT signal into Stage F is LC 
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1 p. 



15 



data 04 is presented to the beginning pipeline stage ^ 

la!: „; »!»T lines are sho '"' n eom ~"«* «=•> 

pax. of pipeline stages. The uppermost line. which may be ' 

' v = Th£ »»• ^ the line over which 

the VALID signal is transferred, while the botto, line is tne 
.ine ever which the ACCEPT signal is transferred. Also as 
before, the ACCEPT sign,! into Stage r renins LOW excepi in 
Cycle «. Furthermore, additional data 05 is presented to the 
pipeline in Cycle «. 

In Fig. 2. each pipeline stage is represented as a block 
divided into two halves to illustrate that each stage in this 
eminent of the pipeline includes primary and secondary 
« .a storage elements. In Fig. 2. the primary data storage 
is shown as the right half of each stage. However, it win 
be^ appreciated that this delineation is for the purpose of 
.lustration only and is not intended as a imitation 

-s .-ig. 2 illustrates, as long as the ACCEPT signal in-c 
a stage is HIGH, data is transferred from the primary storag'e 

:; =!"" ° f S " 9e " the "«»-.ry storage elements If 

...e .cowing stage during any given cycle. Accordingly 
aitnougn the ACCEPT signal into Stage F is LOW, the ACCEP^ 

s^gnai into all other staqes is httw ^ ^ 

ges ls HIGH so that the data Dl 

I"" 1 one stage in Cycle 2 and the dat 

— is shifted into the first Stage A. 

Up to this point, the pipeline embodiment shown in Fig 2 
acts in a manner similar to the pipeline embodiment .hown'in 
^9. 1. The ACCEPT signal from stage F into Stage E 
nowever. is HIGH even though the ACCEPT signal into Stage ^ 
-s Luw. as ls explained below, because of the ..conda-v 
s-crage elements, it is not necessary for the LOW ACCEP : 
8i9r "* ? ° pr °P a 9«t. upstream beyond Stage F . Moreover, fcv 
-eav.ng th. ACCEPT signal into stage E HIGH, Stage F sianals 
lZ iS ready Co acce P* new data. since Stage F is net 
transfer the data Dl in its primary storage elements 
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3. Stage E must, therefore, transfer the data D2 into the 
secondary storage elements of stage r. since both the 
primary ana the secondary storage events of stage F not 
contain valid data that cannot be passed on, the A cc"t 
Signs fro. stage r into stage E is set LOW. According 
this represents a propagation of the LOW ACCEPT signai Lck 
only one stage relative to Cycle 2. whereas this ACCEPT 
signal had to be propagated back all the way to stage c in 
the embodiment shown in Fig. i. 

access "t r E are abie to pass ° n ^ <•«•. 

ACCEPT signals from the stages into their immediately 
Preceding neighbors are set „ IG „. Cons.guently, the data 03 
and o< are shifted one stage to the right so that, in cycle 
* . they are loaded into the primary data storage elements of 
S.age E and stage c, respectively. Although stage E no-, 

" V3lld 03 in itS ""-^ -""9. cements, its 

"I S " ra9e 6leraen " «" b. used to store othe- 

—a without risk of overwriting any valid data. 

Assume now, as before, that the ACCEPT signal into stage 
^ becones H 1CH in cycle «. This indicates that the 
downstream device to which the pipeline passes data is ready 
to accept data from the pipeline st.o. r k 

.~„t , P Stage F , however, has set 

-w. A CEPT signal LOW and, thus, indicates to stage E that 

ACCEPT " T PrePared " aC " Pt ^ da "- Ob..rv. th . t t" 

ACCEPT signals for each cycle indicate what will ..happen" in 
.he next cycle, that is, whether data will be passed o" 
.ACCEPT HIGH) or whether data must remain in place ,ACCEP T 
Therefore, from cycle 4 to Cycle 5, the data Dl -s 
Passed from Stage F to the following device, the data D 2 
shi-tea from secondary to primary storage in stage F, but t*e 
==ta 02 ln Stage E is not transferred to stage F. The da- 
- and 05 can be transferred into the fcliowinq cip.li.-e 
stages as normal since the following stages have their ACCEPT 
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signals HIGH. 

Co mpari the £tate of pipei . ne ^ c ^ ie ^ ^ ^ 

>, it can be seen that the provision of secondary storage 
elements, enables the pipeline embodiment shown in Fig 2 0 

IZT*.T is ' b to free up data storage elements 

valid data can be advanced. For example, in Cycle 4 the 
data blocks Dl , D2 and 03 for, a "solid wall- since ^eir 
data cannot be transferred until the ACCEPT signal into Stage 
r goes HIGH. once this signal does become HIGH, however 
data D1 is shifted out of . tne p . peline< ^ , s 

mto the primary storage elements of stage F, and the 
secondary storage elements of stage F become free to accept 
new data if the following device is not able to receive the 
data D2 and the pipeline must once again "compress." This is 
shown :n Cycle 6, for which the data D3 has been shifted into 
the seconoary storage elements of stage F and the data 0, has 
been passed on from stage D to Stage E as normal. 

. Fl9S ' 3aU) ' 3a(2) ' 3b(1 > 3b(2) (which are referred - 

ccectiveiy as Fig. 3) illustrate generally a preferred 

i;: e d :i e r r the pipeiine - This ----- 

elements the structure shown in Fig. 2 using a tW o-phase 
-n-overl apping clock with phases oO and 01 . Alth ough a twd 
Phase cxock is preferred, it will be appreciated that it s 
a-so possible to drive the various embodiments of the 
invention using a clock with more than two phases 

As shown in Fig. 3, each pipeline stage is represented as 
having two separate boxes which illustrate the primarv a- 
secondary storage elements. Also, although the VALID s'ional 
and the data lines connect the various pipeline staoes' a « 
oe.cre, for ease of illustration, only the ACCEPT signal is 
S "°* n ln Fig - 3 - A chan 9e of state during a clock phase 
certain of the ACCEPT signals is indicated in Fig. 3 using ar 
upward-pointing arrow for changes from LCW to HIGH, 
---i.ariy, a downward-pointing arrow for changes from HIGH 
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LOW. Transfer of data from one storao* .i — 

indicated by a i arae on<3n stora ? e element to another is 

<a large open arrow t*- 

=f any given stage is high whenever «e stora« e 
> contain valid data storage elements 

frM the prlmary stora -^^; :r:;: ;z 

element Jil. kn « !!.„ r " Way ' -""•"•'y 
«or.,. element " PaS£ - «"» Pri«ry 

° • As Fl 9- 3 illustrates, however th'« 

™.n. «,« ^ Sig „ ai into che prinary scorage e ;; e : e h ;: 

but since tMs s "- 9e 

secc.aar;, storage element HIGH. 

sta«% ACCEPT Si,nil thS se =°" d «y «°ra,e elements =: 

ln '-° *" he Prln ">- elements of stage E i. • 
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set HIGH since the secondary storage elements of sta 9 e F do 
not contain valid data. As before, since the priory Lrage 
elements of stage r are able to accept data, data in all "he 
ZTtlT* Prim " y an<S SeCOnd «y "oraae elements can be 

The s^rT"" " ith ° Ut VaUd d " a bei "' -erwritten. 
The shift of data fro. one stage to the next taKes place 

during the next O o phase in Cycle 2. For example, the valid 
data Dl contained in the primary storage element of stage E 
is shifted into the secondary storage element of stage F, the 
D4 is shifted into , the pipeline, that is, Into the 
secondary storage element of stage A, and so forth 

The primary storage element of stage F still does not 
contain valid data during the „o phase in Cycle 2 and, 
therefore the ACCEPT signal from the primary storage 
elements ,nto the secondary storage elements of stage \ 
remains „I G „. Durin , the „ ^ in ^ ^ » • 

therefore be shifted yet another step to the right. < e 

::i~ ry to the —»«. «™» 

However, once valid data is loaded into the prima-v 
storage elements of stage F, if th e ACCEPT into Stage F fr'n 
.he downstream device is still LO „, it is „ ot pj.^. „ 
sh..t data out of the secondary storage element of stage =• 
;;" OUt OVerWriti "9 ana destroying the valid data Dl. The 
— EPT signal from the primary storage elements into 

ZZ D r h"""" elSmentS " F "»«««. goes Low: 

Data D2 , however, can still be shifted into the second.-, 
storage of stage F since it did not contain valid data .r- 
its ACCEPT signal out was HIGH. 

During the ol phase of Cycle 3, it is not possible - 
sr.ift aata D2 into the primary storage elements of S-ace - 
a.tncugn data can be shifted within all the previous staces. 
-nee valid data i, loaded into the secondary storage elements 
o. Stage F , however, Stage F is not able to pass or. tr.-s 
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data 
LOW. 



" signals this event setting its ACCEPT signal cut 

d «r:::;:L: h :; "i^rr; into f — 

sranac . . 9€ F Can c °ntinue to be shifted between 

zz?z r rr ive ciock — »«» 

.I-.™. of stage , * Vu^Z^^^J: 
reached during the ol phase of Cycle 4 " 

intHh." 9 °° Ph3Se ° f 5 ' d "= 03 h " loaded 

into the p rl mary storage element of stage E . since this dJa 

nnot oe shifted further, the ACCEPT signal out of th"e 
primary storage elements of stage E is set , nB 
data can be shifted as normal. 

Assume now. as in Cycle 5 of Fig. j that th. „ 

signal -n>o • V- SVent by Setti "9 the ACCEPT 

signal into pipeline Staqe F HTrw 

Cyc- - th« during the 01 phase of 

ine primary storage elements of stage F «„ 
shift data to the right and they are also able to 
dara. Hence, the data Dl was shifted 1 ! / 

of Cycle 5 so thar ^ sh ^ted out during the ol phase 

>cle so that the primary storage elements of stage F no 
ger contain d*t- a = - _ . acage F no 



l-ger contain data that must he saved During th ^ ' 
of Cycle 5. the data D2 is th.,., " Ph " e 

r from the secondary ^"^-J%Z£?\~" 

elements. The secondary storage elements Z .Z™7 .T.Z 

able to accent ^ are a - Lso 



le to accept new data and signal this by ^ h ^ 
signa. into the primary storage elements of stage E ^ 
During transfer of data within a stage, that is fL ^ 
seconoary to its primary storage elements, both sets o^ 
s-rage elements will contain the same data, but the data - 
-r.e secondary storage elements can be overwritten with rc 
«ta ,css since this data will also be held in the prirary 
storage elements. The same holds true for data transfer frc- 
-ie Primary storage elements of one stage into the secondarv 
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storage elements of a subsequent stage. 

Assume now, that the ACCEPT signal into the primary 
storage elements of stage F goes LOW during the el phase in 
cycle 5. This means that Stage F is not able to transfer the 
data D2 out of the pipeline, stage F, consequently, sets the 
ACCEPT signal from its primary to its secondary storage 
elements LOW to prevent overwriting of the valid data P 2 
The data D2 stored in the secondary storage elements of staae 
F, however, can be overwritten without loss, and the data D3 
is therefore, transferred -into the secondary storage elements 
of Stage F during the oo phase of Cycle 6. Data D4 and D5 
can be shifted downstream as normal. Once valid data D3 is 
stored in Stage F along with data D2 , as long as the ACCEPT 
signal into the primary storage elements of stage F is LOW 
neither of the secondary storage elements can accept new 
oata. ana it signals this by setting the ACCEPT signal into 
Stage E LOW. 

When the ACCEPT signal into the pipeline from the 
downstream device changes from LOW to HIGH or vice ve^sa 
this change does not have to propagate upstream within the 
Pipeline further than to the immediately preceding storaae 
elements (within the same stage or within the preceding 
Pipe. me stage). Rather, this change propagates upstream 
vitnm the pipeline one storage element block per clock 
phase . 

•As this example illustrates, the concept of a "stage" m 
the pipeline structure illustrated in Fig. 3 is to so^e 
extent a matter of perception. since data is transfer 
within a stage (from the secondary to the primary storage 

c.er.er.ts) as it is between staa^q «-u~ 

stages ( rrom the primary storage 

events of the upstream stage into the secondary storaae 
e, events of the neighboring downstream stage, , one could jusz 

as consider a stage tc cons^f ^ „ 

^ c^ns^st of "primarv" storaae 

e*e.- : er.ts followed by "secondary st nr^ a ~ -i 

j a^ary storage elements' 1 instead of 



as illustrated in Fio 3 TK . 

r r ^ — = - 

•» the elements from „ hi=h data is transf 

stage into a .o lta „ stage or device _ .. sec ; nda f . 

;::i a s 9 : a ; lenents couia b « — — *t:i 



ACCEPT and VALID signals has been ^o^ . to t 

:;™T?° a that each pipeii - 

the oata it has receded arbitrarily before passing it 



^e following pipeline s tage. Th rea rer "nl " " 

» 3 . a Pipeline stage can _ theref j^- — 

" ts S t Processes data st=C 

-n its storage elements. st^e- 

Furthermore, the "devir-o» ^ 
S-aoe f * device downstream from the pipeline 

s>wage F , need not be sobp n f hov H ' * i;ie 

-t rather it can be anlt^r IIctL" ll T^' St ™ e ' 
another pipaline . As lllu . tr .nT^Tow ^ "i' " °' 
set it. ACCEPT sicna: Low not only wh.T.l7 0 Tt h /"*" 

storage elements are fille, with ^ ^ ° , ^~ n ""» 
stage requires .ore than one cloc* phase to f'i „ * 
it- -a. This also can occur ^ J^Z^^ 
one or both of its storage elements. ln other Irds" " 
not necessary f or a stage si.ply to pass on the ACC E PTs o-a 
I 8 I!" Wh « h « °* "<* Mediately ,=«„3 tr , M ^ a ; 

• " e S1 9hal itself My also be altered w<-.- 

-1-\"**\! r ' by eireuitry « «•» stage, iB or..:":: 

- -t--. .he passage of data between adjacent storage 
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elements. The VALID signal may also be processed in an 
analogous manner. 

A great advantage of the two-wire interface (one wire for 
each of the VALID and ACCEPT signals) is it8 ability tQ 
control the pipeline without the control signals needing to 
propagate back up the pipeline all the way to its beginning 
stage. Referring once again to Fig. i , cycle 3, for example 
although stage F "tells" stage E that it cannot accept data' 
and stage E tells stage Df and stage D tells stage c 
indeed, if there had been *nore stages containing valid data 
then this signal would have propagated back even further 
along the pipeline. In the embodiment shown in Fig. 3 Cycle 
2, the LOW ACCEPT signal is not propagated any further 
upstream than to stage E and/ then, only to its primarv 
storage elements. 

As described below, this embodiment is able to achieve 
t.ms flexibility without adding significantly to the «ii<~on 
area that is required to implement the design. Typica^y 
each larch m the pipeline used for data storage requires 
only a single extra transistor (which lays out ve^y 
efficiently in silicon). m addition, two extra latches and 
a small number of gates are preferably added to process the 
ACCEPT and VALID signals that are associated with the data 
latches in each half-stage. 

Fig. 4 illustrates a hardware structure that implements a 
stage as shown in Fig. 3. 

By way of example only, it is assumed that eight-bi- da~a 
is to be transferred (with or without further manipulation m 
optional combinatorial logic circuits) in parallel throuoh 
tr.e Pipeline. However, it will be appreciated that either 
rcre or less than eight-bit data can be used in practicing 
tne invention. Furthermore, the two-wire interface m 
accordance with this embodiment is, however, suitable for use 
Virh any data bus wi dth, and the data bus width rr.av eve.. 
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change fro. one stage to the next if . particular appUcation 
=o requires. The interface i n accordance with this 
e ' baJlMnt can als ° "»•<« to process snalog signals 

As discussed previously, „ hiIe other conventional timing 
arrangements may be used. the interface is preferably 
controlled by a two-phase, non-overlapping doc*.' T^J. 

ph ' T7 clock phase si9nals are referred " " «» 

PHI in Fig. a line is shown for each clock phase signal 

input data enters a pipeline stage over a multi-bit data 
; t "-7 iS to a following pipeline stage 

OUT IZ IT reCelVin? CirCUitrX ^ ° UtP " d « a *» 

defiled be! 1 °" d «' ln * ™ 

described below ln to a series of input latches (one for each 

input data signal, collectively referred to as LDIN which 
constitute the secondary storage elements described abote 

In the illustrated example of this embodiment. it <s 
assumed that the Q outputs of all latches follow thai- 0 
inputs, that is. they are "loaded", when the clock input" is 
H-GH. i.... at a l09ic „ r , level> Additiona 

outputs hold their lest values. m other words the 0 
outputs are "latched" on the falling edge of their respective 
clock signals. Ea =n latch has for its clock either one of 
t.c non-overlapping clock signals PHO or phi ,.. snown in 
° r the lo9ic " AND combination of one of these clock 

: 7 and one iogic si ^- ™° 

equally well, however, by providing latches that latch on the 

etching arrangement, as long as conventional methods are 
applied to ensure proper timing of the latching operations 

^ The output data from the input data latch LDIN passes via 
a " arD1 -rary and optional combinatorial logic circuit e:. 
■-nich may be provided to convert output data from input later. 
-CIN into intermediate data, which is then later loaded in a.-. 
cutput data latch LDOUT , which comprises the primary stcracs 
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elements described above. The output from the output data 
latch LDOUT nay similarly pass through an arbitrary and 
optional combinatorial logic circuit B2 before being passed 
onward as OUT_DATA to the next device downstream. This may 
be another pipeline stage or any other device connected to 
the pipeline. 

in the practice of the present invention, each stage of 
the pipeline also includes a validation input latch LVIN a 
validation output latch LVOUT, an acceptance input latch 
LAIN, and an acceptance output latch LAOUT. Each of these 
four latches is, preferably, a simple, single-stage latch 
The outputs from latches LVIN, LVOUT, LAIN and LAOUT are 
respectively, QVIN, QVOUT, QAIN , QAOUT . The output signal 
QVIN frcn the validation input latch is connected either 
directly as an input to the validation output latch LVOUT or 
via intermediate logic devices or circuits that may alter the 
s igna 1 . 

Similarly, the output validation signal QVOUT of a given 
stage may be connected either directly to the input of the 
valuation input latch QVIN of the following stage, or via 
intermediate devices or logic circuits, which may alter the 
vanaation signal. This output QVIN is also connected to a 
logic gate. (to be described below), whose output is connected 
to the input of the acceptance input latch LAIN . The output 
CAOUT from the acceptance output latch LAOUT is connected to 
a similar logic gate (described below), optionally via 
another logic gate. 

As shown in Fig. 4, the output validation signal qvou't 
forms an OUT_ VALID signa that can be received by subsequent 
stages as an IN_VALID signal, or simply to indicate valid 
aata to subsequent circuity connected to the pipeline. The 
reaamess of the following circuit or stage to accept data 
indicated to each stage as the signal OUT_ACCEPT, which 
connected as the input to the acceptance output latch LAOL" 



lata is 

Ls 
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preferably via logic circuitry, which i« 

Simii*»-i„ -w wnicn is described below, 

similarly, the output QAOUT of i-h« = 

la opt < e ° f the acceptance output latch 

coined « lth the acceptance signal 0AOUT . OUT ACCEPT 
respectively, to form the inputs to fh . "^.ACCEPT, 
LAIN LAOL'T r. . ■ ln P u « to the acceptance latches 

LAI... LAOIT. respectively. ,„ the «*x»». nt illustrated in 
"9. .. these input signals are forced as the logical NAND 
combination of the respective v»l D 
with the logical inverse of th. S1,nalS Q ™ ' 5V ° UT ' 

signals QAOUT OUT ACCEPT c "^'^ -««P"ne. output 
^ n, obT_ACCEPT. Conventional logic gates NANDi 

,; : A °; V2 T or v he nand - - 

acceptances l09iCal iBW - - - — e 

3 NAND 9 " e ls a "1" when any or all of L 

-nput signals are in the logical - 0 " st , t . ,.„ 

• — is, therefore, / logical - To nly ITJZTIT 

a-i-, is that the output of a rii„,> a1 

HUL or a digital inverter such ^khm 

■ 10,10.! when its input signal is a - 0 . and is . ., " 

wnen its input signal is a »i» 

The inputs to the NAND gate NANDi **-o 
NOT mAOtT! .,k ..v ' therefore - QVIN and 

,U1 (QAOLT) , where "NOT" indicates hin a ,„ • 

k-no-,r, * _ • aies binary inversion. Using 

Known techniques, the innm- r~ «-w 9 

be rP ,n, „ he aCCe P tance latch LAIN can 

be resolved as follows: 

NAND (QVIN , NOT (QAOUT) ) = NOT(QVIN) OR QAOUT 

~n other words, the combination of t-h« « 
-he *-'v- „ at ion of the inverter INVi and 

" V'f- NAN01 " 3 l09lCal when the signal 

, : e ° r ^ 0AOUT - "1", or both. The 

.*.D1 and the inverter lmi can , «,„.,„.. te 
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implemented by a single OR gate that has one of its inputs 

"" d T dir ; Ctly t0 the QA ° UT ° f the acceptance latch 

LAOLT and its other input tied to the inverse of the output 
signal QVIN of the validation input latch LVIN. 

As is well known in the art of digital design, many 
latches suitable for use as the validation and acceptance 
latches may have two outputs, Q and NOT(Q), that is, Q and 
its logical inverse. if such latches are chosen, the one 
input to the OR gate can, therefore, be tied directly to the 
NOT(Q) output of the validation latch LVIN. The gate NANDl 
and the inverter INV1 can be implemented using well known 
conventional techniques. Depending on the latch architecture 
used, however, it may be more efficient to use a latch 
without an inverting output, and to provide instead the gate 
NANDl and the inverter invi, both of which also can be 
implemented efficiently i n . silicon device . Accordingly 
any known arrangement may be used to generate the Q sigra^' 
ana/or its logical inverse. 

The data and validation latches LDIN, LDCUT , LVIN and 
-OUT, !oad their respective data inputs when both clock 
signals (PHO at the input side and PHI at the output side) 
and the output from the acceptance latch of the same side are 
.ogical "1... Thus , tne clock signal (pHo ^ t ^ 

-atches LDIN and LVIN) and the output of the respective 
acceptance latch (in this case, LAIN) are used in a logical 
AND manner and data is loaded only when they are both logical 

In particular applications, such as CMOS implementations 
cf the latches, the logical AND operation that controls the 
-cading (via the illustrated CK or enabling "input") of --e 
-atches can be implemented easily in a conventional manner bv 
connecting the respective enabling input signals 
example, pho and QAIN for the latches LVIN and LDIN) , to t*e 
gates of MOS transistors connected in series in the 
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Unes of the latches. Consequently, is necessary to provide 

:L a ;:r r gic and ^ h «- ^« t : 

" It 0 r WCi0B dSlay ^ applications, 
the wi-w T " " e "^"^ only indicates 

signals of the various latches. 

and^Ai; la " h LDIN lMdS inPUt da " »»•" PHO 

and CAIN are ooth «!-. It wiU latcn tnis d „ a ^ 

of these two signals goes to a "0". 

Although only one of the clock phase signals PHO or phi 
s used to clock the data and validation latches at the mpu^ 
" d ° UtPUt) Side ° f - e Pip-"", stage, the other clZ 

Phase signal is used, directly, to clock the acceptance lat h 

-he ViT.T" " 0th6r W ° rdS ' ^ 3CCeP — ^ on 
ei her side (input or output) of a pipeline stage «. 

preferably clocked -out of phase" with the data and 
alidation latches on the sa me side. Fo r example, PH1 s 
t0 Cl ° Ck *~eptance input latch, although PH 

J8M ^ 9«nerating the clock signal CK for the data ^t-h 
LDIN and the validation latch LVIN 

As an example of the operation of a pipeline augmented by 

v ; ;;rt validatlon and accep — y assuffle tha 

n ; va.id data is initially presented at the input to ^ he 

r^ Uit ' Slther fr ° m 3 P«ceding pipeline stage, or fro." a 
transmission device. In other <"» • 

validation input signal ik.vaLid to the illustrated stage ha . 
not gone to a -i- since the system was most recently reset 
Assume further that several clock cycles have taken P i ace 
since the system was last reset and, accordingly ch . 
-r = u.try has reached a steady-state condition. The 
vacation input signal qvin froir. the validation latch lvtn 

-s. therefore, loaded as a "0" ri„ri^ 

a u during the next positive 
perioa of the clock Pwn T k. 

T . ciock PHO. The input to the acceptance ir.put 

~ds.cn LAIN ('via the aaro »'»xTfM 

e gare -^-Dl or another equivalent gate. , 
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is. therefore, loaded as a -i» during the next positive 
in the data ln put latch LDIN is not valid, the stage 
not hold any data worth saving) . 

In this example, note that the signal IN ACCEPT is used to 
enable the data and validation latches LDIN and ivim. Since 
the signal !N_ACCEPT at this ti.e is , these latches 

effectively vor* as conventional transparent latches so that 
whatever data is on the IN_DATA bus si„ply is loaded into the 
oata latch LD!N as soon as the cloc* signal P„o goes to a 

t^e' , r"" 6 ' inValid d " 3 UU1 " so be "to 

the next data latch LDOUT of the following pipeline stage as 

long as the output QAOUT fro m its acceptance latch is a 

Hence, as long as a data latch does not contain valid 
da -a. ,t accepts or "loads" any data presented to it during 
-ne next positive period of its respective clock signal. On 
ne othe^hand. such invalid data i. not loaded in any stage 
■or which the y 



. acce P tanc * signal from its corresponding 

.pr-nc. l.tch i. low (th.t i., . -o-,. Furthermore 
output Signai from a validation iarch • - 

' ldatl0n lnpUt Si9nal to «>. subsequent validation latch) 
re,ains a - 0 - as long as the corresponding IN VALID ( or qvin 
signal to the validation latch is low. " 

When the input data to a data latch is valid t * e 
validation signal INVALID indicates this by rising to a « i - 
The output of the corresponding validation latch then rises 
a "i" on the next rising edge of its respective cW 
pnase signal. For example, the validation input signal Q\' rx ; 
ef.iarch LVIN rises to a »i» when its corresponding 
signal goes high (that is. rises to a "1") on the next risir.a 
eage of the clock phase signal PHO. 

^Assume now, instead, that the data input latch Lz:n 
contains valid data. if the data output latch LDOUT is res=y 
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to accept new data, its acceptance signal QAOUT will be a 
1 . in this case, during the next positive period of the 
dock signal PHI, the data latch LDOUT and validation latch 
-OLT will be enabled, and the data latch LDOUT will load the 
data present at its input. This will occur before the next 
rising edge of the other clock signal PHO, since the clock 
signals are non-overlapping. At the next rising edge of pho 
the preceding data latch ( LDIN) win, therefore, not latch in 
new xnput data from the preceding stage until the data output 

li::h h LDIN^ S3fely l3tChed — — — t P he 

Accordingly, the same sequence is followed by every 
adjacent pair of data latches (within a stage or between 
ad acent stages) that are able to accept data, since they 
U1 ; e 0 P e "ting b...d on alternate phases of the clock. 
7 d3ta that 15 n0t "*dy to accept new data because 

it contains valid data that cannot yet be passed, will have 
an output acceptance signal (the QA output from its 
acceptance latch LA) that is LOW, and its data latch LDIN or 

; D : ;; ^ l0aded - long as the acceptance 

signal (the output from the acceptance latch) of a given 
stage or side (input or output) of a stage is LOW, its 
corresponding data latch will not be loaded. 

' 19 ' 4 alS ° Sh ° WS 3 reS6t feature deluded in a preferred 
embooiment. m the illustrated example, a reset signa' 
NOTRESETO is connected to an • signa. 

Ctea to an inverting reset input R 
(inversion is hereby indicated by a small circle, as is 
conventional) of the validation output latch LVOUT. As is 
well known, this means that the validation latch LVOUT win 
oe forced to output a »o» whenever the reset signal NOTRESETO 
ceco.es a »o». One advantage of resetting the latch when the 
reset s.gnal goes low (becomes a »o»> is that a break in 
transmission will reset the latches. They wiil then be ;., 
-neir "null" or reset state whenever a valid transmission 
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begins and the reset signal goes HIGH. The reset sional 
NOTRESET0 , therefore, operates as a digital -0H,7f F . .3^ 

such that it must be at a HIGH value in order to activate the 

pipeline. 

Note that it is not necessary to reset all of the latches 
that hold valid data in the plp . lin .. As depicted ±n 
the validation input latch LVIN is not directly reset by the 
reset signal NOTRESET0 , but rather is rese t indirectly 
Assume that the reset signal NOTRESET0 drops to a »o" The 
validation output signal qvout also drops to a " 0 " 
regardless of its previous state, whereupon the input to the 
acceptance output latch LAOUT (via the gate NAND1 ) goes HIGH. 
The acceptance output signal QAOUT also rises to a »i» This 
QAOUT value of ^ is then transferred as g ^ ^ ^ ^ 

of the acceptance input latch LAIN regardless of the state of 
the valuation input signal QVIN. The acceptance input 
! 9na T N riS6S t0 3 - th. next rising edae of 

h 5lg T PH1 - Assuming that the -^-n .i gnal 

- — » has been correctly reset to a "0", then upon the 

subsequent rising edge of the clock sional PHO t he 

fr ._- , signal PHO, the output 

fro the validation latch L VI N will become a "O", as it would 
have done if it had been reset direcrly 

As this example illustrates, it is only necessary to reset 
" e ^ lidatl - l«tch in only one side of each stage 
ixncludxn, the final stage) in order to reset all valid . t J n 
latches. m fact, in many applications, it will not -e 
necessary to reset every other validation latch: ~ t , e 
reset signal NOTRESET0 can be guaranteed to be low during 
-ore than one complete cycle of both phases PHO, PHI of the 
cock, then the "automatic reset" (a backwards propagation o- 
-r.e reset signal) will occur for validation latches - - 
oreceaing pipeline stages. Indeed, if the reset signal is 
■eia low for at least as many full cycles of both phases of 

-He c : ncV «- i 



clock as there are pipeline stages, 



it will only be 



51 



necessary to directly reset the validation output latch in 
the final pipeline stage. 

Figs. 5a and 5b (referred to collectively as Fig. 5) 
illustrate a timing diagram showing the relationship between 
the non-overlapping clock signals PHO, PHI, the effect of the 
reset signal, and the holding and transfer of data for the 
different permutations of validation and acceptance signals 
into and between the two illustrated sides of a pipeline 
stage configured in the embodiment shown in Fig. 4. In the 
example illustrated in the timing diagram of Fig. 5, it has 
been assumed that the outputs from the data latches LDIN, 
LDOUT are passed without further manipulation by intervening 
logic blocks Bl, B2. This is by way of example and not 
necessarily by way of limitation. it is to be understood 
that any combinatorial logic structures may be included 
between the data latches of consecutive pipeline stages, or 
between the input and output sides of a single pipeline 
stage. The actual illustrated values for the input data (for 
example the HEX data words "aa" or "04") are also merely 
illustrative. As is mentioned above, the input data bus ,av 
have any width (and may even be analog), as long as the data 
latches or other storage devices are able to accommodate and 
latch or store each bit or value of the input word. 

Prefer red Data Structure - "tokens" 

In the sample application shown in Fig. 4, each stage 
processes all input data, since there is no control circuitrv 
that excludes any stage from allowing input data to pass 
through its combinatorial logic block Bl, B2 , and so forth. 
To provide greater flexibility, the present invent^ 
includes a data structure in which "tokens" are used to 
distribute data and control information throughout the 
system. Each token consists of a series of binary f.zs 
separated into one or more blocks of token 
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"its (A) . data bits (D) . or an extension bit (E) Assu*. h 

that data is transferred as words over an 8-bit bus with a 
bit extension bit iine. An exampie of a four-word to.en i 

in order of transmission: ' 




Note that the extension bit E is u S *h « _ ■ 

.pr.-r.My, to each data word. t ne ' 

u. a"e -h ^^^^ 1Sngth " d 1S transmitted 
a ' iSr the extension bit of the firsfword 

. b jr? S ', theref ° re ' C ° nSi " ° f «■ »»» »ord. B - 

.' larVI dl9ital d " a in ^Present invention. Each 0 " 
- ese words is transferred in sequence and preferabiy 

° lthOU9h thls ~«od of transfer is not necessary 

:r ™ transfer is aiso possibie — — : 

transited " ' ° arSer ' """^ inf °™ation is 

" Parallel - •*•"« d «* I- transmitted 

tne AS sta h rt e T Ple J UUStrateS ' h "- P»'«'"» at 

the start, an address field (the string of A-bits) th- 

iaentifies the type of data that is contained in the t-e- 
in most applications, a single word or portion of a word 's 
su..icient to transfer the entire address field, but this "a 
not necessary in accordance with the invention, so lono as 
I." 5 " = lr cuitry i, included in the corresponding pipeline 
s-ages that is able to store some representation of part -a' 
a-aress fields long enough for the stages to receive — 
aecoae the entire address field. 



53 



Note that no dedicated wires or registers are required to 
transmit the address field, it is transmitted using the data 
bits. as is explained below, a pipeline stage will not be 
slewed down if it is not intended to be activated by the 
5 particular address field, i.e., the stage will be able to 
pass along the token without delay. 

The remainder of the data in the token following the 
address field is not constrained by the use of tokens. These 
D-data bits may take on any values and the meaning attached 
10 to these bits is of no importance here. That is, the meaning 
of the data can vary, for example, depending upon where the 
data is positioned within the system at a particular point in 
time. The number of data bits D appended after the address 
field can be as long or as short as required, and the number 
1= of data words in different tokens may vary greatly. The 
address field and extension bit are used to convey control 
signals to the pipeline stages. Because the number of words 
m the data field (the string of D bits) can be arbitrary, as 
car, be the information conveyed in the data field can also 
vary accordingly. The explanation below is, therefore, 
directed to the use of the address and extension bits. 

In the present invention, tokens are a particularly useful 
data structure when a number of blocks of circuitry are 
connected together in a relatively simple configuration. The 
:5 simplest configuration is a pipeline of processing steps. 
For example, in the one shown in Fig. i. The use of tokens, 
however, is not restricted to use on a pipeline structure.' 

Assume once again that each box represents a complete 
pipeline stage. in the pipeline of Fig. i, data flows frcr. 
-eft to right in the diagram. Data enters the machine a.-.d 
passes into processing Stage A. This may or may not r.odify 
the data and it then passes the data to Stage E. The 
modification, if any, may be arbitrarily complicated and. :.- 
general, there will not be the same number of data iters 
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flowing into any stage as flow out. Stage B modifies the 
data again and passes it onto Stage C, and so forth. m a 
scheme such as this, it is impossible for data to flow in the 
opposite direction, so that, for example, Stage C cannot pass 
data to Stage A. This restriction is often perfectly 
acceptable. 

On the other hand, it is very desirable for Stage A to be 
able to communicate information to Stage c even though there 
is no direct connection between the two blocks. Stage A and 
C communication is only via Stage B . One advantage of the 
tokens is their ability to achieve this kind of 
communication. Since any processing stage that does not 
recognize a token simply passes it on unaltered to the next 
block. 

According to this example, an extension bit is transmitted 
aiong with the address and data fields in each token so -ha- 
a processing stage can pass on a token (which can be of 
arbitrary length) without having to decode its address at 
a-. According to this example, any token in which the 
extension bit is HIGH (a is fo i lowed by a subsequent 

word which is part of the same token. This word also has an 
extension bit, which indicates whether there is a further 
token word in the token. When a stage encounters a token 
word whose extension bit is LOW (a »0»), it is known tQ fae 
the last word of the token. The next word is then assumed to 
be the first word of a new token. 

Note that although the simple pipeline of processma 
stages is particularly useful, it will be appreciated that 
tokens may be applied to more complicated configurations of 
processing elements. An example of a more complicated 
crccessmg element is described below. 

It is not necessary, in accordance with the present 
-nvention, to use the state of the extension bit to signal 
tne iast word of a given token by giving it an extension bit 
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set to »0". one alternative to the preferred scheme is to 
-ov. the extension bit so that it indicates the first word of 
a token instead of the last. This can be accomplished with 
appropriate changes in the decoding hardware 

The advantage of using the extension bit of the present 
invention to signal the last word in a token rather than the 
first, is that it is often useful to modify the behavior of 
. block of circuitry depending upon whether or not a token 
has extension bits. An example of this is a token that 
activates a stage that processes video quantization values 
stored m a quantization table (typically a memory device) 
For example, a table containing 64 eight-bit arbitrary binary 
integers. r 

in order to load a new quantization table into the 
quantizer stage of the pipeline, a " Q U ANT_ TAB L E " token is 
sent to the quantizer. m such a case'the token, for 
exarr.pl.. consists of 65 token words. The first word contains 
tne code "QUANT_TAELE" , i.e., build a quantization tab^e 

i,ilS iS followed *y " words, which are the integers of the 
quantization table. 

When encoding video data, it is occasionally necessary to 

;: anS ! U SUCh 3 qUanti23ti0n table - m order to accomplish 
.his function, a QUANT_ TABLE token with no extension words 
can be sent to the quantizer stage. On seeing this token, 
ana noting that the extension bit of its first word is LOW 
r„. quantizer stage can read- out its quantization table and 
construct a Q U AN T_T A B L E token which includes the 64 
quantization table values. The extension bit of the fir « 
word (which was LOW) is changed so that it is HIGH and t^e 
'-oxen continues, with HIGH extension bits, until the new end 
c- .he token, indicated by a LOW extension bit on the sixtv 
; " qUanti2ati ° n table valu.. This proceeds in the 
^Pical way through the system and is encoded into the bit 



56 



10 



continuing w a th the example, the quantizer may either load 
* n.» quantization table into its own .e»o ry device " 
out its table depends, =n whether the first word 0/ 
QUANT_TABLE token has its extension bit set or nTt " 

The choice of whether to use the extension bit ^ signai 
the first or last token word in a token win, therefore 
depend on the system in which the pipeline will be used.' 

in:: n t:cn ern " ives are possitie in a — — - 

i. TTJ rt al " r " atiVe Pr.t«r.d extension bit scheme 

1. to include a length count at the start of the token. Such 

er Zr"r SXamPle ' ^ e " iCie " » * - 

given « ; " amPle - "" U " * to ke „ in a 

extens.on bit scheme (with the bit attached to each token 
I"*'- " OUld re9Uire 1000 —ition.1 bit. -o 

r:.::.:" r excension Mts - t .„ olt . v= u ; 

...though there are, therefore, uses for Ion, tokens 
experience has shown that there „ tokens, 

token. u .. many uses for short 

tokens. Here the preferred extension bit scheme < s 
advantageous. If » .„i„ , , scneme .s 

y us. 11 a token is only one word long, then on'v 
one bit is required to signal this. However a col- 
scheme would typically require the same ten bits as I- r" 
Disadvantages of a length count scheme include the 
.oilowing: l, it is inefficient for short tokens; „ ! 
P aces a max ln um length restriction on a token (with only ten 
o ts, no „ore than : 023 words can be counted,,- 3, the lengt, 
, ~" be - "vnc. of generating the colnt 

; s . presuMbiy « «• ««« °* «. token,,. «, e , erv 
«... ««, tokens voali nMd te b . 

shou.d get corrupted (due to a data transmission error, 
■■<>- --ear whether recovery can be achieved. 
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The advantages of the extension bit scheme in accordance 
with the present invention include: 1) pipeline stages need 
not include a block of circuitry that decodes every token 
since unrecognized tokens can be passed on correctly by 
considering only the extension bit; 2) the coding of the 
extension bit is identical for all tokens; 3) there is no 
limit placed on the length of a token; 4) the scheme is 
efficient (in terms of overhead to represent the length 
the token) for short tokens; and 5) error recovery is 
naturally achieved. If an extension bit is corrupted then 
one random token will be generated (for an extension bit 
corrupted from "1" to "0") or a token will be lost (extension 
bit corrupted "0" to "1"). Furthermore, the problem is 
localized to the tokens concerned. After that token, correct 
operation is resumed automatically. 

In addition, the length of the address field -,av be 
varied. This is highly advantageous since it allows the most 
common tokens to be squeezed into the minimum number cf 
words. This, in turn, is of great importance in video data 
pipeline systems since it ensures that all processing srages 
can oe continuously running at full bandwidth. 

In accordance to the present invention, in order to allow 
variable length address fields, the addresses are chosen s~ 
tnat a short address followed by random data can never be 
confused with a longer address. The preferred technique for 
encoding the address field (which also serves as the "code" 
for activating an intended pipeline stage) is the well-know- 
technique first described by Huffman, hence the common name 
"Huffman Code". Nevertheless, ir will be appreciated by cr.e 
or ordinary skill in the art, that other coding schemes r.ay 
also be successfully employed. 

A-wnough Huffman encoding is weil understood in rhe field 
cf digital design, the following example provides a general 
background : 



Huffman codes consist of words made up of a string of 
symbols an the context of digital systems. 

Present invention. t h e symbols are usually binary dibits" 

The code words tt^v, k^,« 1 yitsJl 



code words may have variable length and the special 
Property of Huffman code words is that a code word is 

tha forTa "I" ^ ^ ^ «» ^ 

that form a shorter code word. m accordance with the 

invention, token address fields are preferably (although not 

necessarily, chosen using fcnown Huffman encoding techniques 

Also ln the present invention, the address f<eld 

preferably starts in the most significant bit (MSB) oC \ he 

first word toKen. (No te that the designation of the MSB is 

; r V" a th " — «" - modified to accommodate 

various designations of the MSB.) The address field 
continues through contiguous bits of lesser significance. 
If. -n a g.ven application, a to*en address requires , c . e 
; h.n one to*en word, the least significant bit in anv giver 
-oro the address field will continue in the most signlfL „- 

e P resent invention. One surh 
ltrUCtUr ' iS 3 ^"P-^mmed state .chine. However " 
-...croprocessors or other devices may also be used 

w it h h \ P h r e inCiPle adVantagS ° f ^ scheme in accordance 

-th the present invention, is us adaptability . s 
unanticipated needs. ror example, if , new to J n \ 
introduced, it is nost lively that this will affect or-/a 
»r.all number of pipeline stages. The most likely case" - s 
-at cruy two stages or blocks of circuitry are affected 
the one block that generates the tokens in the f~=- 
---e and the block or stage that has been newly desiar.ed - 
Iied t0 deal with this new token. Note that it"<s -c- 
•ecessary to modify any other pipeline stages. Rather, tr.ese 
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will be able to deal with the new token without mn n i * • 
to tho^ ^ ■ w " witnout modification 

to their designs be =ause they „m not recognize it and win 
accordingly, pass that token on unmodified 

This ability of the present invention to leave 
substantias existing designed devices unaffected has clear 
advantages. xt may be possible to leave some semiconduct r 
chips in a chip set completely unaffected by a design 
improvement in some other chips in the set. This Is 
advantageous both from the perspective of a customer and from 
that of a chip manufacturer. Even if modifications mean that 
' 1PS " e affe « ed b ^ <"^" change situation that 
" ^ « levels of integration progress 

still be !" " ^ ChlPS ^ " Sy " e * «»« "i» 

still be the considerable advantage of better time-to-market 
than can be achieved, since the same design can be reused 

in particular, note the situation that occurs when it 
oecones necessary to extend the token set to include tM Bord 

»«Ufy an existing design. Token decoders in the pipeline 
s ages -Hi attempt to decode the first word of such token 

then pass on the token unmodified using the extension 
I 1 '-; 0 P ; rf °™ thi = correctly. it will not 

r decode the second word o, the token ,even though thL 
contains address bits, because it will .. a ssum." that " . 
second word is part of the data field of a token that it does 
not recognize. 

in nany cases, a pipeline stage or a connected block c - 
circuitry will modify a token. This usually, but no - 
necessarily, takes the for. of modifying the data field o* a" 
---en. m addition, it is common for the number of data 

-eras m the token to be modified pi-h^ u 

, ^ Uiea ' either by removing certain 

aa^a words or by adding new on^«= t~ 

y 9 eW ones - In some cases, tokens ar 

-e...„ved entirely fro- the token stream. 
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In ,ost applications, pipeline stages wtu typica 

recognize other tokens and passes them on unaltered. 

-arge number of cases. on ly one token is decoded, the data 

Token word itself. 

u i li n d "' any rf aPPliCati0nS ' 0per « i0 " «* - Particular stage 

"state"T f t r n " e " SUltS ° f " S °" n PS " —'"ion.. The 
state o£ the stage, thus, depends on its previous states. 

in other words. the stage depends upon stored state 
information, which is another way of saying it must> retain 
S ° M lnf «""*°" «»»ut its own history one or ,or, clock 
cycles ago. The present invention is well-suited for use in 
Pipelines that include such -state machine" stages, as well 

L s t 0 L use i V ppliCiti0 " s in uhich the i - teh - - <«. 

path are simple pipeline latches. 

The suitability of the two-wire interface, in accordance 
the PreSent in«"ion, for such "state machine" cir=--s 



Significant advantage of the invention. This 
espec ial: crue where a ^ ^ fceing contro - 

state machine. m this case. the two-wire interface 
echnigue above-described may be used to ensure that the 
current state" of the machine stays in step with the data 
-hich it is controlling in the pipeline. 

Fig. 6 shows a simplified block diagram of one example of 
circuitry included in a pipeline stage for decoding a token 
address f le id. This illustrates a pipeline stage that has 
the characteristics of a "state machine". Each word 
token includes an "extension bit" which is HIGH if there Ire 
-or. words in the token or LOW if this is the last word c* 

•a- re:.'-"' " tW * " ^ la " "° rd ° £ • '«*•». the next 

*a^a aata word is the <zr * >-«h 

.■_ c sd ^ art ° f 3 new to ^n and, therefore, 

--s address must be decoded. The decisis = «. 

„, .. aecision as to whether or 

• ^u to decode the token address in » n « 

• , ss ln ar >y given word, thus, 
-pends upon knowing the value of the rr s ,M. 

ine previous extension bit. 
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For the sake of simplicity only, the two-wire interface 
(with the acceptance and validation signals and latches) is 
not illustrated and all details dealing with resetting the 
drcu.t are omitted. As before, an 8-bit data word is 
assumed by way of example only and not by way of limitation. 

This exemplifying pipeline stage delays the data bits and 
the extension bit by one pipeline stage, it also decodes the 
DATA Token. At the point when the first word of the DATA 
Token is presented at the output of the circuit, the signal 
"DATA_ADDR" is created and set HIGH. The data bits are 
delayed by the latches LDIN and LDOUT , each of which is 
repeated eight times for the eight data bits used in this 
example (corresponding to an 8-input, 8-output latch) 
Similarly, the extension bit is delayed by extension bit 
latches LEIN and LEOUT. 

In this example, the latch LEPREV is provided to store the 
aost recent state of the extension bit. The value -e 
extension bit is loaded into LEIN and is then loaded into 
-Ocx on the next rising edge of the non-overlapping clock 
Phase signal PHI. Latch LEOUT , thus, contains the value 
the current extension bit, but only during the second half of 
the non-overlapping, two-phase clock. Latch LEPREV, however 
loads this extension bit value on the next rising edge of the 
clock signal PHO, that is, the same signal that enables the 
extension bit input latch LEIN. The output QEPREV of -he 
latch LEPREV , thus, will hold the value of the extension bit 
during the previous PHO clock phase. 

The five bits of the data word output from the invent i no 
Q output, plus the non-inverted MD 2 ] , of the latch LDIN a>-e 
-c,..cinea with the previous extension bit value QEPREV in * 
series of logic gates NAND1 , NAND2 , and N0R1 , whose 
operations are well known in the art of digital design. 
obsignation "N_MD " r. j indicates the logical inverse c* 

:ne .id-data word MD^c;. Using known techmcues cf 
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Boolean algebra, it ean be sho „ n that ■ 

fr« thls l09ic .loo, (th . oucput from , 0R1) J^™^* 

on ly hen the previous extension bit _ < 1 » 

«h. data word at the output of the.non-inverti g Q latch (the 
° rlginil lnp " "°"> «»» — «. structure -oooooixx- that 

< he five "-"-rd.r bit. MDm-^t,, bit . are all 

have any arbitrary value. 

There are. thus, four possible data words (there are four 
perorations of tnat will cause SA therefore ^ 

output of the address s lg nal iatch LABOR to whose input SA is 
connected. „ become HIGH in other worfl P 

Of the fV" aCtlV " i0n Si9 "" ( DATA_ADDR . -l, only wh en ^ 
of the four possible proper toKens is presented and only when 
-he previous extension bit was a zero that i= * k 
data . zero, that is, the previous 

""d. I T V ° rd in the Previo - =f to*en 

-o.os. which Ma „s that the current token word is the fl -„ 
one xn the current token. 

When the signal QPREV fro„ latcn LEpR£v ^ | tft . 
at cutput of the latch LOIN is therefore the first word 

; a „. . oken . The gates nandi , NAND2 and NORl decode the 

toKen (oocooixx, . This address decoding signal SA is 
however, delayed in latch LAODR so that the signal data ADDR 
has tne sane tiding as the output data OUT DATA and OUT EX- 
Fig. , ls anotner sinple exMpie of a 

P : 7 in •~o«.»« with the present invent or 

" of e T" eS " e S1?nal " ST -° L ' T - E *™ « indicate the 

: ' ° f °«Put extension bit out.exto. One of 

ne two enabling signals (at the CK inputs, to the present 



last extension bit latches, LEOL'T and l-PR- 
respectively, is derived fron the gate ANDl such th.tVe.e 
-atcnes only load a new value for their, when the data is va- 
ana ls being accepted (the Q outputs are HIGH frcr. the 
output validation and acceptance latches LVOUT and L.-.OVT , 
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respectively). m this way, they only hold valid extension 
bits and are not loaded with spurious values associated with 
data that is not valid. m the embodiment shown in F<g 7 
the two-wire valid/accept logic includes the CRl and OR2 
gates with input signals consisting of the downstream 
acceptance signals and the inverting output of the validation 
latches LVIN and LVOUT, respectively. This illustrates one 
way in which the gates NAND1/2 and INVl/2 in Fig. 4 can be 
replaced if the latches have inverting outputs. 

Although this is an extremely simple example of a "state- 
dependent" pipeline stage, i.e., since it depends on the 
state of only a single bit, it is generally true that all 
latches holding state information will be updated only when 
data is actually transferred between pipeline stages. in 
other words, only when the data is both valid and being 
accepted by the next stage. Accordingly, care must be taken 
to ensure that such latches are properly reset. 

The generation and use of tokens in accordance with --e 
present invention, thus, provides several advantages over 
known encoding techniques for data transfer through a 
pipel ine . 

First, the tokens, as described above, allow for variable 
length address fields (and can utilize Huffman coding for 
example) to provide efficient representation of conr.cn 
tokens . 

Second, consistent encoding of the length of a token, 
allows the end of a token (and hence the start of the next 
token) to be processed correctly (including simple nor- 
mampulative transfer) , even if the token is not recognized 
by the token decoder circuitry in a given pipeline stage. 

Third, rules and hardware structures for the handling of 
unrecognized tokens (that is, for passing them on unmodified 
allow communication between one stage and a downstream stage 
that is not its nearest neighbor in the pipeline. This al=: 
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increases the expandability and efficient adaptability C ^he 
Pipeline since lt allows for future cnanges ^ £ 

without requiring large scale redesigning of exist L 
Pipeline stages. The tokens of the present inventTon Irl 
particularly useful when used in conjunction with ^ tC" 
wire interface that is described above and below 

As an example of the above, Figs. 8a and 8b , takep 
together (and referred to collectively below as Fig 8) ' 
depict a bloc* diagram of a pipeline stage whose function is 
as follows, if the stage is processing a predetermined token 
(known in this example as the DATA token), then it will 
duplicate every word in this token with the exception of the 
° ne ' WhlCh includes Address field of the DATA 

token If , on the other hand, the stage is processing any 
other kind of token, it will delete every word. The overall 
e ect is that, at the output, only DATA Tokens appear and 
each word within these tokens is repeated twice 

Many of the components of this illustrated system may be 
.h. same as those described in the much simpler structures 
sho.n in Figs. 4, 6, and 7. This illustrates a significant 
adv ant complicated pipeUne ^ - 

.he same benefits of flexibility and elasticity, since the 

" e two - Wi « i"t:«rfac. may be used with little or no 
adaptation. 

The data duplication stage shown in Fig. 8 is merely one 
example of the endless number of different types of 
operations that a pipeline stage could perform in any given 
application. This "duplication stage" illustrates, however 
a stage that can form a "bottleneck", so that the pipeline 
according to this embodiment will "pack together" 

A "bottleneck" can be any stage that either takes a 
relatively long time to perform its operations, or that 
creates more data in the pipeline than it receives. Ttvs 
example also illustrates that the two-wire accept / va i d 
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interface according to this embodiment can be adaoted very 
easily to different applications. 

The duplication stage shown in Fig. 8 also has two latches 
LEIN and LEOUT that, as in the example shown in Fig. 6, latch 
the state of the extension bit at the input and at the output 
of the stage, respectively. As Fig. 3a shows, the input 
extension latch LEIN is clocked synchronously with the input 
data latch LDIN and the validation signal IN_VALID. 

For ease of reference, the various latches included in the 
duplication stage are paired below with their respective 
output signals: 



In the duplication stage, the output from the data latch 
LDIN forms intermediate data referred to as MID_DATA. This 
intermediate data word is loaded into the data output latch 
LDOUT only when an intermediate acceptance signal (labeled 
"MID_ACCEPT» in Fig. 8a) is set HIGH. 

The portion of the circuitry shown in Fig. 8 below the 
acceptance latches LAIN, LAOUT, shows the circuits that are 
added to the basic pipeline structure to generate the various 
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7 control signals used to duplicate data. These 
-elude a "DATA_TOKEN" signal that indicates that the 
circuitry is currently processing a valid DATA Token, a~d a 
_ NCT.DUPLICATE signal which is used to control duplication of 
o data. When the circuitry is processing a DATA Token the 
HOT.DUPLICATE signal toggles between a HIGH and a LOW state 
and this causes each word in the token to be duplicated once 
(but no more times) . When the circuitry is not processing a 
valid DATA Token then the NOT_DUPLICATE signal is held in a 
10 HIGH state. Accordingly, this means that the token words 
that are being processed are not duplicated. 

As Fig. 8a illustrates, the upper six bits of 3-bit 
intermediate data word and the output signal QH from the 
_ latch LIl form inputs to a group of logic gates NORl, NOR2 
- NAND18 . The output signal from the gate NAND18 is labeled 
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SI . 



Lsing well-known Boolean algebra, it can be shown tha- 
the signal Si is a «o» only when the output signal qii is 1 
1 and the MID_DATA word has the following structure 



"0OOOOXXX", that is. the upper f ive bits are all .„ ^ 

m' D - DATM2! ^ * " 1 " " d ^ bi " "> «» HID DATA ' 1 ' 
MID.DATA-0, positions have any arbitrary value." signal si 
therefore, acts as a "token identification signal" which is 
low only when the MID_DATA signal has a predetermined 
structure and the output from the latch LIl is a »i» The 
nature of the iatch LI 1 and its output ,11 is explained 
further below. 

Latch LOl performs the function of latching the last value 
of the intermediate extension bit (labeled "MID_EXTN" and as 
signal S4), and it loads this value on the next rising edge 
of the clock phase PHO into the latch LIl, whose output < s 
the bit Qii and is one of the inputs to the token decodir.a 
logic group that forms signal SI. signal SI, as is explained 
above, may only drop to a »o» if the signal QH is a"'l« (and 
the MI D_DATA signal has the predetermined structure) . Signal 
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SI may, therefore, only drop to a »o» ^ 

extension bit was »o» indi . whenever the last 

ended. Therefore th ' r^ 1 " 9 th " the P revi °- token has 

Therefore, the MID DATA word is the fi rs - da r, 
in a new token rSu data wora 

«T ic , he vr; * b l a V he input to NAND " ui » * 

SoolJ , Sh ° Wn ' a9ain by the '^hniques of 

Boolean al,e br a. that ln this situation thfise « ° f 

s t same nanner as inv — .ur 

then - " ^ ° U ? Ut ° f latCh " 2 " inV « ted - 

d s" 7n inV " ted a9ai " ^ NAND22 to for* the 

tnis path, the signal S2 will have the sam * 
value as QI2. "*v e tne same 

It can also be seen that the signal DATA TOKEN a- ch „ 

,v h . t ;.; r : 0 H .T' ^^ «».»«» 1M «„. 

As explained earlier, the signal S n will be .. 0 .. wh .„ _ 
previous extension oit was "o". Thus . it ! 0 ! 
-h.n.v.r the MID _ DAIA value is the first - 0 

(and. thus, includes the address field for the token. - 
this situation, the signal S1 may be either Z» 11 As ' 

has the predetermined structure that in this" exarp-e 
indicates a "DATA" Token. !f the HIO.OATA word has any othe 

7;:;; «. -ken is see other ^.n 

not a DATA Token), si will be 
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If Qli ls -o. and SI is this indicates there is sone 

toKen ether than a DATA Token. As is well known in the field 
o. digital electronics, the output of NAN020 will oe 

ine N'AND gate ^ -\ 

, XDlainad , * * " Wlli inVert this Previously 

explained) and the signal S2 will thus be a »o« As a 

result, this "0" value will be loaded into latch L02 at the 
start of the next PHI clock phase and the DATA TOKEN signal 
will become -o", indicating that the circuitry' is not 
processing a DATA token. 

If qii is »o» and SO is "0", thereby indicating a DATA 
token, then the signal S2 will be «i» (regardless of the 
other input to NAND22 from the output of NAND2 0) . As a 
result, this ,i- value will be loaded into latch L02 at the 
start of the next PHI clock phase and the DATA TOKEN signal 
will become "l" indicatinrr <-u 

' lndlcatln 9 ^at the circuitry is processing 

a DATA token. 

The NOT_DUPLICATE signal (the output signal Q03) - s 
snarly loaded into the latch LI3 on the next rising edge 
o. the clock PHO. The output signal QI3 fro, the latch LI3 
is combined with the output signal QI2 in a gate NAND2 4 to 

;° r V he Slgnal 53 • AS bef °"< Boolean algebra can be used 
to show that the signal S3 is . - 0 - only when both of the 
signal. QI2 and QI3 have the value If the signal QI2 

ceco.es a »0», that is, the DATA TOKEN signal is a »0», then 
the signal S3 becomes a In otner word . # ±f therg . 

• v-lxd DATA TOKEN (QI2 - 0) or tne data ^ ^ 
duplicate (Qi3 = 0), then the signal S3 goes high. 

Assume now, that the DATA TOKEN signal remains HIGH for 
-ore than one clock signal. Since the NOT_D UPLI CATE sianal 
Q0 J} ls "fed back" to the latch LI3 and win be inverted by 
the gate NAND 24 (since its other input QI2 is held HIGH' , 
the output signal Q03 will toggle between "o- and ' 
there is no valid DATA Token, however, the signal QI2 will te 
a "0", and the signal S3 and the output Q03 , will be fc-ced 
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HIGH until the DATE_TOKEN signal once again goes to a "1" 

The output Q03 (the NOT_DUPLICATE signal) is also fed back 
and is combined with the output QA1 from the acceptance latch 
LAIN in a series of logic gates (NAND16 and INV16, which 
together forn an AND gate) that have as their output' a "i», 
only when the signals QA1 and Q03 both have the value 
As Fig. 8a shows, the output from the AND gate (the gate 
NAND1 6 followed by the gate INV16) also forms the acceptance 
signal, IN_ACCEPT, which is used as described above in the 
two-wire interface structure. 

The acceptance signal IN_ACCEPT is also used as an 
enabling signal to the latches LDIN, LEIN , and LVIN. As a 
result, if the NOT_DUPLICATE signal is low, the acceptance 
signal IN_ACCEPT will also be low, and all three of these 
latches will be disabled and will hold the values stored at 
their outputs. The stage will not accept new data until the 
NOT.DUPLICATE signal becomes HIGH. This is in addition to 
the requirements described above for forcing the output from 
the acceptance latch LAIN high. 

As long as there is a valid DATA_TOKEN (the DATA_TOKEN 
signal Q02 is a "i"), the signal Q03 will toggle between the 
HIGH and LOW states, so that the input latches will be 
enabled and will be able to accept data, at most, during 
every other complete cycle of both clock phases PHO, phi. 
The additional condition that the following stage be prepared 
to accept data, as indicated by a "HIGH" OUT_ACCEPT signal, 
must, of course, still be satisfied. The output latch LDOUT 
will, therefore, place the same data word onto the output bus 
OUT_DATA for at least two full clock cycles. The out_ valid 
signal will be a »i» only when there is both a valid 
DATA_TOKEN (Q02 HIGH) and the validation signal QVOUT is 
HIGH . 

The signal QEIN, which is the extension bit corresponding 
to MID_DATA, is combined with the signal S3 in a series of 
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lo,io at« ,l NVl o and NAND1 0) to for, a signal S4 . Curing 
presentation of a DATA ToKen. each data word MID DATA win b l 
Treated by loading it into the output lacch « 
Dunn, the first of these. S4 win be forced to a bv th, 

action of NAND1 0 . The signal ,4 is loaded in the latch Lovt 
to form OUTEXTN at the same time as MID_DATA is loaded .„.„ 
LDOUT to form 0UT_DATA [7:0] . 

Thus, the first time a given MID_DATA is loaded into 
LEOUT , the associated OUTEXTN will be forced high, whereas 
on the second occasion, OUTEXTN will be the same as the 
signal QEIN. Now consider the situation during the very last 
word of a token in which QEIN is known to be low. During the 
first time MID_DATA is loaded into LDOUT , OUTEXTN will be 

1", and during the second time, OUTEXTN will be »o» 
indicating the true end of the token. 

The output signal QVIN from the validation latch LVr N is 
cabined with the signal QI3 in a similar gate combination 
C-^2 and NAND 1 2 ) to form a signal S5. Using known Boolean 
techniques, it can be shown that the signal S5 is HIGH either 
when the validation signal QVIN is HIGH, or when the signal 
QI3 is low (indicating that the data is a duplicate). The 
signal S5 is loaded into the validation output latch LVOUT at 
the same time that MID_DATA is loaded into LDOUT and the 
intermediate extension bit (signal S4) is loaded into LEOUT 
Signal S5 is also combined with the signal Q o 2 (the data 
token signal) in the logic gates NAND 3 0 and INV30 to form the 
output validation signal OUT_VALID. As was mentioned 
earlier, 0UT_VALID is HIGH only when there is a valid token 
and the validation signal QVOUT is high. 

In the present invention, the MID_ACCEPT signal is 
combined with the signal S5 in a series of logic gates 
( NAND 2 6 and INV26, that perform the well-known AND function 
to form a signal S6 that is used as one of the two enablina 
signals to the latches LOl, LQ2 and L03 . The signal S6 rises' 
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« « uhen the MID _ ACCEpT s . gnal . s high e ^ h ^ 

; a '' a " i0 " Si9nal 5VIN 1- ^gh, or when the token is a 
duplicate (Q „ i, . ,.0,,,. If tne signal mid Acc£pT , s hich 

wh. iatches L01-L03 will, therefore, be enabled when the 
clock signal phi is high „ henever valid input data 

at the input of the stage, or when the latched data is a 
duplicate. 

From the discussion above, one can see that the stage 
shown in Figs. 8a and 8b will receive and transfer data 
between stages under the control of the validation and 
acceptance signals, as in previous embodiments, with the 
exception that the output signal from the acceptance latch 
.AIN at the input side is combined with the toggling 
duplication signal so that a data word will be output twice 
before a new word will be accepted. 

The various logic gates such as NAND16 and INV16 may of 
course, be replaced by equivalent logic circuitry (in ^ a 
case, a single AND gate) . similarly, if th . latches L£IN ^ 

20 * eXamPle ' haVS inVertin * output., the inverters 

2. x.,io and IN vi2 will not be necessary. Rather , the 
corresponding input to the gates NAND10 and NAND12 can be 
tied directly to the inverting outputs of these latches. As 
long as the proper logical operation is performed, the stage 
.ill operate in the same manner. Data words and extension 
2. oits will still be duplicated. 

illu« TH 11 " that ^ dUplicati °" action that the 

illustrated stage performs will not be performed unless the 
first data word of the token has a »i» in the third position 
of the word and »0's" in the five high-order bits. (0 f 
= OUrSS ' the r ^ ui "d pattern can easily be changed and set bv 
selecting other logic gates and interconnections other than 
the NORl, N0R2, NND18 gates shown.) 

In addition, as Fig. 8 shows, the 0UT_VALID signal will be 
forced low during the entire token unless the first data vera 
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has the structure described above. This has the effect that 
all tokens except the one that causes the duplication process 
will be deleted from the token stream, since a device 
connected to the output terminals (OUTDATA, OUTEXTN and 
OUTVALID) will not recognize these token words as valid data. 

As before, both validation latches LVIN, LVOUT in the 
stage can be reset by a single conductor NOT_RESETO, and a 
single resetting input R on the downstream latch LVOUT, with 
the reset signal being propagated backwards to cause the 
upstream validation latch to be forced low on the next clock 
cycle. 

It should be noted that in the example shown in Fig. 8, 
the duplication of data contained in DATA tokens serves only 
as an example of the way in which circuitry may manipulate 
the ACCEPT and VALID signals so that more data is leaving the 
pipeline stage than that which is arriving at the input. 
Similarly, the example in Fig. 8 removes all non-DATA tokens 
purely as an illustration of the way in which circuitry may 
manipulate the VALID signal to remove data from the stream. 
In most typical applications, however, a pipeline stage will 
simply pass on any tokens that it does not recognize, 
unmodified, so that other stages further down the pipeline 
may act upon them if required. 

Figs. 9a and 9b taken together illustrate an example of a 
timing diagram for the data duplication circuit shown in 
Figs. 8a and 8b. As before, the timing diagram shows the 
relationship between the two-phase clock signals, the various 
internal and external control signals, and the manner in 
which data is clocked between the input and output sides of 
3 0 the stage and is duplicated. 



Referring now more particularly to Figure 10, there is 
shown a reconfigurable process stage in accordance with one 
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aspect of the present invention. 

Input latches 34 receive an input over a first bus 
31. A first output from the input latches 34 is passed over 
line 32 to a token decode subsystem 33. A second output from 
5 the input latches 34 is passed as a first input over line 35 
to a processing unit 36. A first output from the token decode 
subsystem 33 is passed over line 37 as a second input to the 
processing unit 36. A second output from the token decode 3 3 
is passed over line 40 to an action identification unit 39. 

10 The action identification unit 3 9 also receives input from 
registers 43 and 44 over line 46. The registers 43 and 44 
hold the state of the machine as a whole. This state is 
determined by the history of tokens previously received. The 
output from the action identification unit 39 is passed over 

15 line 38 as a third input to the processing unit 36. The 
output from the processing unit 3 6 is passed to output 
latches 41. The output from the output latches 41 is passed 
over a second bus 42. 

Referring now to Figure 11, a Start Code Detector 

20 (SCD) 51 receives input over a two-wire interface 52. This 
input can be either in the form of DATA tokens or as data 
bits in a data stream. A first output from the Start Code 
Detector 51 is passed over line 53 to a first logical first- 
in first-out buffer (FIFO) 54. The output from the first 

25 FIFO 54 is logically passed over line 55 as a first input to 
a Huffman decoder 56. A second output from the Start Code 
Detector 51 is passed over line 57 as a first input to a DRAM 
interface 58. The DRAM interface 58 also receives input from 
a buffer manager 59 over line 60. Signals are transmitted to 

3 0 and received from external DRAM (not shown) by the DRAM 
interface 58 over line 61. A first output from the DRAM 
interface 58 is passed over line 62 as a first physical input 
to the Huffman decoder 56. 
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The output from the Huffman decoder 56 is passed 
over line 63 as an input to an Index to Data Unit (ITOD) 64 
The Huffman decoder 56 and the ITOD 64 work together as a 
single logical unit. The output from the ITOD 64 is passed 
over lme 65 to an arithmetic logic unit (ALU) 66. A first 
output from the ALU 66 is passed over line 67 to a read-only 
memory (ROM) state machine 68. The output from the ROM state 
machine 68 is passed over line 69 as a second physical input 
to the Huffman decoder 56. A second - output from the ALU 66 
is passed over line 70 to a Token Formatter (T/F) 71. 

A first output 72 from the T/F 71 of the present 
invention is passed over line 72 to a second FIFO 73. The 
output from the second FIFO 73 is passed over line 74 as a 
first input to an inverse modeller 75. a second output from 
the T/F 71 is passed over line 76 as a third input to the 
DRAM interface 58. A third output from the DRAM interface 58 
is passed over line 77 as a second input to the inverse 
modeller 75. The output from the inverse modeller 75 is 
passed over line 78 as an input to an inverse quantizer 79 
The output from the inverse quantizer 79 is passed over line 
80 as an input to an inverse zig-zag (IZZ) 81. The output 
from the IZZ 81 is passed over line 82 as an input to an 
inverse discrete cosine transform (IDCT) 83. The output from 
the IDCT 83 is passed over line 84 to a temporal decoder (not 
25 shown) . 

Referring now more particularly to Figure 12, a 
temporal decoder in accordance with the present invention is 
shown. A fork 91 receives as input over line 92 the output 
from the IDCT 83 (shown in Fig. ii) . As a first output from 
the fork 91, the control tokens, e.g., motion vectors and the 
like, are passed over line 93 to an address generator 94. 
Data tokens are also passed to the address generator 94 for 
counting purposes. As a second output from the fork 91, the 



20 



30 



75 



data is passed over line 95 to a FIFO 96. The output from the 
FIFO 96 is then passed over line 97 as a first input to a 
summer 98. The output from the address generator 94 is 
passed over line 99 as a first input to a DRAM interface 100. 
5 Signals are transmitted to and received from external DRAM 
(not shown) by the DRAM interface 100 over line 101. A first 
output from the DRAM interface 100 is passed over line 102 to 
a prediction filter 103. The output from the prediction 
filter 103 is passed over line 104 as a second input to the 

10 summer 98. A first output from the summer 98 is passed over 
line 105 to output selector 106. A second output from the 
summer 98 is passed over line 107 as a second input to the 
DRAM interface 100. A second output from the DRAM interface 
100 is passed over line 108 as a second input to the output 

15 selector 106. The output from the output selector 106 is 
passed over line 109 to a Video Formatter (not shown in 
Figure 12) . 

Referring now to Figure 13, a fork ill receives 
input from the output selector 106 (shown in Figure 12) over 

2 0 line 112. As a first output from the fork ill, the control 
tokens are passed over line 113 to an address generator 114. 
The output from the address generator 114 is passed over line 
115 as a first input to a DRAM interface 116. As a second 
output from the fork 111 the data is passed over line 117 as 

25 a second input to the DRAM interface 116. Signals are 
transmitted to and received from external DRAM (not shown) by 
the DRAM interface 116 over line 118. The output from the 
DRAM interface 116 is passed over line 119 to a display pipe 
120. 

30 It will be apparent from the above descriptions 

that each line may comprise a plurality of lines, as 
necessary. 
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Referring now to Figure 14a, in the MPEG standard 
a picture 131 is encoded as one or more slices 132. Each 
slice 132 is, in turn, comprised of a plurality of blocks 
133, and is encoded row-by-row, left-to-right in each row. 
As is shown, each slice 132 may span exactly one full line of 
blocks 133, less than one line B or D of blocks 133 or 
multiple lines C of blocks 133. 

Referring to Figure 14b, in the JPEG and H.261 
standards, the Common Intermediate Format (CIF) is used, 
wherein a picture 141 is encoded as 6 rows each containing 2 
groups of blocks (GOBs) 142. Each GOB 142 is, in turn, 
composed of either 3 rows or 6 rows of an indeterminate 
number of blocks 143. Each GOB 142 is encoded in a zigzag 
direction indicated by the arrow 144. The GOBs 142 are, in 
turn, processed row-by-row, left-to-right in each row. 

Referring now to Figure 14 c, it can be seen that, 
for both MPEG and CIF, the output of the encoder is in the 
form of a data stream 151. The decoder receives this data 
stream 151. The decoder can then reconstruct the image 
according to the format used to encode it. In order to allow 
the decoder to recognize start and end points for each 
standard, the data stream 151 is segmented into lengths of 3 3 
blocks 152 . 

Referring to Figure 15, a Venn diagram is shown, 
representing the range of values possible for the table 
selection from the Huffman decoder 56 (shown in Fig. li) of 
the present invention. The values possible for an MPEG 
decoder and an H.261 decoder overlap, indicating that a 
single table selection will decode both certain MPEG and 
30 certain H.261 formats. Likewise, the values possible for an 
MPEG decoder and a JPEG decoder overlap, indicating that a 
single table selection will decode both certain MPEG and 
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certain JPEG formats. Additionally, it is shown that the 
H.261 values and the JPEG values do not overlap, indicating 
that no single table selection exists that will decode both 
formats . 

Referring now more particularly to Figure 16, there 
is shown a schematic representation of variable length 
picture data in accordance with the practice of the present 
invention. A first picture 161 to be processed contains a 
first PICTURE_START token 162, first picture information of 
indeterminate length 163, and a first PICTURE_END token 164. 
A second picture 165 to be processed contains a second 
PICTURE_START token 166, second picture information of 
indeterminate length 167, and a second PICTURE_END token 168. 
The PICTURE_START tokens 162 and 166 indicate the start of 
the pictures 161 and 165 to the processor. Likewise, the 
PICTURE_END tokens 164 and 168 signify the end of the 
pictures 161 and 165 to the processor. This allows the 
processor to process picture information 163 and 167 of 
variable lengths. 

Referring to Figure 17, a split 171 receives input 
over line 172. A first output from the split 171 is passed 
over line 173 to an address generator 174. The address 
generated by the address generator 174 is passed over line 

175 to a DRAM interface 176. Signals are transmitted to and 
received from external DRAM (not shown) by the DRAM interface 

176 over line 177. A first output from the DRAM interface 
176 is passed over line 178 to a prediction filter 179. The 
output from the prediction filter 179 is passed over line 180 
as a first input to a summer 181. A second output from the 
split 171 is passed over line 182 as an input to a first-in 
first-out buffer (FIFO) 183. The output from the FIFO 183 is 
passed over line 184 as a second input to the summer 181. 
The output from the summer 181 is passed over line 185 to a 
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write signal generator 186. A first output from the write 
signal generator 186 is passed over line 187 to the DRAM 
interface 176. A second output from the write signal 
generator 186 is passed over line 188 as a first input to a 
read signal generator 189. A second output from the DRAM 
interface 176 is passed over line i 90 as a second input to 
the read signal generator 189. The output from the read 
signal generator 189 is passed over line 191 to a Video 
Formatter (not shown in Figure 17) . 

Referring now to Figure 18, the prediction 
filtering process is illustrated. A forward picture 201 is 
passed over line 202 as a first input to a summer 203. a 
backward picture 204 is passed over line 205 as a second 
input to the summer 203. The output from the summer 203 is 
passed over line 206. 

Referring to Figure 19, a slice 211 comprises one 
or more macroblocks 212. m turn, each macroblock 212 
comprises four luminance blocks 213 and two chrominance 
blocks 214, and contains the information for an original 16 
x 16 block of pixels. Each of the four luminance blocks 213 
and two chrominance blocks 214 is 8 x 8 pixels in size. The 
four luminance blocks 213 contain a 1 pixel to 1 pixel 
mapping of the luminance (Y) information from the original 16 
x 16 block of pixels. one chrominance block 214 contains a 
representation of the chrominance level of the blue color 
signal (Cu/b) , and the other chrominance block 214 contains 
a representation of the chrominance level of the red color 
signal (Cv/r) . Each chrominance level is subsampled such 
that each 8x8 chrominance block 214 contains the 
chrominance level of its color signal for the entire original 
16 x 16 block of pixels. 

Referring now to Figure 20, the structure and 
function of the Start Code Detector will become apparent. A 
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value register 221 receives image data over a line 222. The 
line 222 is eight bits wide, allowing for parallel 
transmission of eight bits at a time. The output from the 
value register 221 is passed serially over line 223 to a 
decode register 224. A first output from the decode register 
224 is passed to a detector 225 over a line 226. The line 
226 is twenty-four bits wide, allowing for parallel 
transmission of twenty-four bits at a time. The detector 225 
detects the presence or absence of an image which corresponds 
to a standard-independent start code of 23 "zero" values 
followed by a single "one" value. An 8-bit data value image 
follows a valid start code image. On detecting the presence 
of a start code image, the detector 225 transmits a start 
image over a line 227 to a value decoder 228. 

A second output from the decode register 224 is 
passed serially over line 229 to a value decode shift 
register 230. The value decode shift register 230 can hold 
a data value image fifteen bits long. The 8-bit data value 
following the start code image is shifted to the right of the 
value decode shift register 230, as indicated by area 231. 
This process eliminates overlapping start code images, as 
discussed below. A first output from the value decode shift 
register 230 is passed to the value decoder 228 over a line 
232. The line 232 is fifteen bits wide, allowing for 

2 5 parallel transmission of fifteen bits at a time. The value 

decoder 228 decodes the value image using a first look-up 
table (not shown) . A second output from the value decode 
shift register 230 is passed to the value decoder 228 which 
passes a flag to an index-to-tokens converter 234 over a line 

3 0 235. The value decoder 228 also passes information to the 

index-to-tokens converter 234 over a line 23 6. The 
information is either the data value image or start code 
index image obtained from the first look-up table. The flag 
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indicates which form of information is passed. The line 236 
is fifteen bits wide, allowing for parallel transmission of 
fifteen bits at a time. While 15 bits has been chosen here 
as the width in the present invention it will be appreciated 
that bits of other lengths may also be used. The index-to- 
tokens converter 234 converts the information to token images 
using a second look-up table (not shown) similar to that 
given in Table 12-3 of the Users Manual. The token images 
generated by the index- to-tokens converter 2 34 are then 
output over a line 237. The line 237 is fifteen bits wide 
allowing for parallel transmission of fifteen bits at a time.' 

Referring to Figure 21, a data stream 241 
consisting of individual bits 242 is input to a start Code 
Detector (not shown in Figure 21) . A first start code image 
243 is detected by the Start Code Detector. The start Code 
Detector then receives a first data value image 244. Before 
processing the first data value image 244, the Start Code 
Detector may detect a second start code image 245, which 
overlaps the first data value image 244 at a length 246. If 
this occurs, the Start Code Detector does not process the 
first data value image 244, and instead receives and 
processes a second data value image 247. 

Referring now to Figure 22, a flag generator 251 
receives data as a first input over a line 252. The line 252 
is fifteen bits wide, allowing for parallel transmission of 
fifteen bits at a time. The flag generator 251 also receives 
a flag as a second input over a line 253, and receives an 
input valid image over a first two-wire interface 254. A 
first output from the flag generator 251 is passed over a 
line 255 to an input valid register (not shown) . A second 
output from the flag generator 251 is passed over a line 256 
to a decode index 257. The decode index 257 generates four 
outputs; a picture start image is passed over a line 258, a 
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Picture number image is passed over a line 259, an insert 
image is passed over a line 260, and a replace image is 
passed over a line 261. The data from the flag generator 251 
is passed over a line 262a. A header generator 263 uses a 
look-up table to generate a replace image, which is passed 
over a line 262b. An extra word generator 264 uses the MPU 
to generate an insert image, which is passed over a line 
262c. Line 262a, and line 262b combine to form a line 262 
which is first input to output latches 265. The output 
latches 265 pass data over a line 266. The line 266 is 
fifteen bits wide, allowing for parallel transmission of 
fifteen bits at a time. 

The input valid register (not shown) passes an 
image as a first input to a first OR gate 267 over a line 
268. An insert image is passed over a line 269 as a second 
input to the first OR gate 267. The output from the first OR 
gate 267 is passed as a first input to a first AND gate 270 
over a line 271. The logical negation of a remove image is 
passed over a line 272 as a second input to the first AND 
gate 270 is passed as a second input to the output latches 
265 over a line 273. The output latches 265 pass an output 
valxd image over a second two-wire interface 274. An output 
accept image is received over the second two-wire interface 
274 by an output accept latch 275. The output from the 
output accept latch 275 is passed to an output accept 
register (not shown) over a line 276. 

The output accept register (not shown) passes an 
image as a first input to a second OR gate 277 over a line 
278. The logical negation of the output from the input valid 
register is passed as a second input to the second OR gate 
277 over a line 279. The remove image is passed over a line 
280 as a third input to the second OR gate 277. The output 
from the second OR gate 277 is passed as a first input to a 
second AND gate 281 over a line 282. The logical negation of 
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an msert image is passed as a second input to the second AND 
gate 281 over a line 283. The output from the second AND 
gate 281 is passed over a line 284 to an input accept latch 
285. The output from the input accept latch 285 is passed 
over the first two-wire interface 254. 
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TABLE 600 



Format 



Image Received 
SEQUENCE START 



Tokens Generated 
SEQUENCE START 
GROUP START 
PICTURE START 
PICTURE DATA 



1. 



H.261 



MPEG 



PICTURE START 



JPEG 



(None) 



2 . 



H.261 



(None) 
(None) 
(None) 



PICTURE END 



MPEG 



PADDING 



JPEG 



FLUSH 



10 



15 



20 



25 



STOP AFTER PICTURE 
As set forth in Table 600 which shows a relationship 
between the absence or presence of standard signals in the 
certain machine independent control tokens, the detection, of 
an image by the Start Code Detector 51 generates a sequence 
of machine independent Control Tokens. Each image listed in 
the "Image Received" column starts the generation of all 
machine independent control tokens listed in the group in the 
"Tokens Generated" column. Therefore, as shown in line 1 of 
Table 600, whenever a "sequence start" image is received 
during H.261 processing or a "picture start" image is 
received during MPEG processing, the entire group of four 
control tokens is generated, each followed by its 
corresponding data value or values. In addition, as set 
forth at line 2 of Table 600, the second group of four 
control tokens is generated at the proper time irrespective 
of images received by the Start Code Detector 51. 
TABLE 601 

DISPLAY ORDER: II B2 B3 P4 B5 B6 P7 B8 B9 110 
TRANSMIT ORDER: II P4 B2 B3 P7 B5 B6 110 B8 B9 

As shown in line l of Table 601 which shows the timing 
relationship between transmitted pictures and displayed 
pictures, the picture frames are displayed in numerical 
order. However, in order to reduce the number of frames that 
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" ^ St ° red ln »" "^ <*• f-.es are transmitted in 
different order. It is useful to begin the analysis from an 
mtraframe (I frame). Tne X1 frame is Zemnl ^ . r ^ 
crder :t is to be displayed. The next predicted frame (P 
' rarae) ' P4 ' iS then transmitted. Then, any bi-direct iona Uy 
interpolated frames ( B frames) to be displayed between the n 
frame and P4 frame are transmitted, represented by frames 32 
and B3. This allows the transmitted B frames to reference a 
previous frame (forward prediction) or a future frane 
(backward prediction). After transmitting all the B frames 
to be displayed between the n frame and the P4 frame, the 
next P frame, P7 , is transmitted. Next, all the B frames to 
be displayed between the P4 and P7 frames are transmitted, 
corresponding to B5 and B6 . Then, the next I frame, 110 is 
transmitted. Finally, all the B frames to be displayed 
between the P7 and no frames are transmitted, correspondina 
to frames B8 and B9 . This ordering of transmitted f. a - es 
requires only two frames to be kept in memory at any one 
time, and does not require the decoder to wait for the 

transmission of the next P fram^ t * 

next p frame or I frame to display an 

interjacent B frame. 

Further information regarding the structure and operation 
as well as the features, objects and advantages, of the 
invention will become more readily apparent to one of 
ordinary skill in the art from the ensuing additional 
detailed description of illustrative embodiment of -. e 
invention which, for purposes of clarity and convenience of 
explanation are grouped and set forth in the following 
sections: 

Multi-standard Configurations 
JPEG Still Picture Decoding 
Motion Picture Decompression 
RAM Memory Map 
Bitstream Characteristics 
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10 15 
16 
17 
13 
1 

15 2 
21 



25 
26 



^configurable Processing stage 
Multi-standard Coding 



s^TLTr Pr ° CeSSin9 circui — -ca. of 0 P e ra -. ion 
scart Code Detector 



6 . 

7 . 
3 . 
9 . 

10. Tokens 

11. DRAM Interface 

12. Prediction Filter 

13. Accessing Registers 
Microprocessor Interface (MPI) 
MP I Read Timing 

16. MPI Write Tining 

Key Hole Address Locations 
Picture End 
19- Flushing Operation 
20. Flush Function 

Stop-After-Picture 

22. Multi-standard Search Mode 

23. Inverse Modeler 
2-4. Inverse Quantizer 

Huffman Decoder and Parser 
Diverse Discrete Cosine Transformer 
2 / . Buffer Manager 
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1. MULTI-STANDARD CONFIGURATIONS 

Since the various compression standards, i.e., jpeg 
MPEG and H.261, are well known, as for example as described 
in the aforementioned United States Patent No. 5,212,742, the 
detailed specifications of those standards are not repeated 
here. 

As previously mentioned, the present invention is 
capable of decompressing a variety of differently encoded, 
picture data bitstreams. in each of the different standards 
of encoding, some form of output formatter is required to 
take the data presented at the output of the spatial decoder 
operating alone, or the serial output of a spatial decoder 
and temporal decoder operating in combination, (as 
subsequently described herein in greater detail) and 
reformatting this output for use, including display in a 
computer or other display systems, including a video display 
system. Implementation of this formatting varies 

significantly between encoding standards and/or the type of 
display selected. 

In a first embodiment, in accordance with the present 
invention, as previously described with reference to Figures 
10-12 an address generator is employed to store a block of 
formatted data, output from either the first decoder (Spatial 
Decoder) or the combination of the first decoder (Spatial 
Decoder) and the second decoder (the Temporal Decoder) , and 
to write the decoded information into and/or from a memory in 
a raster order. The video formatter described hereinafter 
provides a wide range of output signal combinations. 

In the preferred multi-standard video decoder embodiment 
of the present invention, the Spatial Decoder and the 
Temporal Decoder are required to implement both an MPEG 
encoded signal and an H.261 video decoding system. The DRAM 
interfaces on both devices are configurable to allow the 
quantity of DRAM required to be reduced when working with 
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small picture formats and at low coded data rates. The 
reconfiguration of these DRAMs will be further described 
hereinafter with reference to the ORAM interface. Typically, 
a single 4 megabyte DRAM is required by each of the Temporal 
Decoder and the Spatial Decoder circuits. 

The Spatial Decoder of the present invention performs 
all the required processing within a single picture. This 
reduces the redundancy within one picture. 

The Temporal Decoder reduces the redundancy between the 
subject picture with relationship to a picture which arrives 
prior to the arrival of the subject picture, as well as a 
picture which arrives after the arrival of the subject 
picture, one aspect of the Temporal Decoder is to provide, an 
address decode network which handles the complex addressing 
15 needs to read out the data associated with all of these 
pictures with the least number of circuits and with high 
speed and improved accuracy. 

As previously described with reference to Figure 11, the 
data arrives through the Start Code Detector, a FIFO register 
which precedes a Huffman decoder and parser, through a second 
FIFO register, an inverse modeller, an inverse quantizer, 
inverse zigzag and inverse DCT. The two FIFOs need not be on 
the chip, in one embodiment, the data does not flow through 
a FIFO that is on the chip. The data is applied to the DRAM 
interface, and the FIFO-IN storage register and the FIFO-OUT 
register is off the chip in both cases. These registers, 
whose operation is entirely independent of the standards, 
will subsequently be described herein in further detail. 

The majority of the subsystems and stages shown in 
Figure 11 are actually independent of the particular standard 
used and include the DRAM interface 58, the buffer manager 59 
which is generating addresses for the DRAM interface, the 
inverse modeller 75, the inverse zig-zag 81 and the inverse 
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DCT 83. The standard independent units within the Huffman 
decoder and parser include the ALU 66 and the token formatter 
71. 

Referring now to Figure 12, the standard- 
independent units include the DRAM interface 100, the fork 
91, the FIFO register 96, the summer 98 and the output 
selector 106. The standard dependent units are the address 
generator 94, which is different in H.261 and in MPEG, and 
the prediction filter 103, which is reconf igurable to have 
the ability to do both H.261 and MPEG. The JPEG data will 
flow through the entire machine completely unaltered. 

Figure 13 depicts a high level block diagram of the 
video formatter chip. The vast majority of this chip . is 
independent of the standard. The only items that are 
affected by the standard is the way the data is written into 
the DRAM in the case of H.2 61, which differs from MPEG or 
JPEG; and that in H.2 61, it is not necessary to code every 
single picture. There is some timing information referred to 
as a temporal reference which provides some information 
regarding when the pictures are intended to be displayed, and 
that is also handled by the address generation type of logic 
in the video formatter. 

The remainder of the circuitry embodied in the video 
formatter, including all of the color space conversion, the 
up-sampling filters and all of the gamma correction RAMs, is 
entirely independent of the particular compression standard 
utilized. 

The Start Code Detector of the present invention is 
dependent on the compression standard in that it has to 
recognize different start code patterns in the bitstream for 
each of the standards. For example, H.261 has a 16 bit start 
code, MPEG has a 24 bit start code and JPEG uses marker codes 
which are fairly different from the other start codes. Once 
the Start Code Detector has recognized those different start 
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codes, its operation is essentially independent of the 
compression standard. For instance, during searching, apart 
from the circuitry that recognizes the different category of 
markers, much of the operation is very similar between the 
5 three different compression standards. 

The next unit is the state machine 68 (Figure 11) 
located within the Huffman decoder and parser. Here, the 
actual circuitry is almost identical for each of the three 
compression standards. In fact, the only element that is 

10 affected by the standard in operation is the reset address of 
the machine. If just the parser is reset, then it jumps to 
a different address for each standard. There are, in fact, 
four standards that are recognized. These standards are 
H.2 61, JPEG, MPEG and one other, where the parser enters a 

15 piece of code that is used for testing. This illustrates 
that the circuitry is identical in almost every aspect, but 
the difference is the program in the microcode for each of 
the standards. Thus, when operating in H.2 61, one program is 
running, and when a different program is running, there is no 

2 0 overlap between them. The same holds true for JPEG, which is 
a third, completely independent program. 

The next unit is the Huffman decoder 56 which 
functions with the index to data unit 64. Those two units 
cooperate together to perform the Huffman decoding. Here, 

2 5 the algorithm that is used for Huffman decoding is the same, 

irrespective of the compression standard. The changes are in 
which tables are used and whether or not the data coming into 
the Huffman decoder is inverted. Also, the Huffman decoder 
itself includes a state machine that understands some aspects 

3 0 of the coding standards. These different operations are 

selected in response to an instruction coming from the parser 
state machine. The parser state machine operates with a 
different program for each of the three compression standards 
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and issues the correct command to the Huffman decoder at 
different times consistent with the standard in operation. 

The last unit on the chip that is dependent on the 
compression standard is the inverse quantizer 79, where the 
mathematics that the inverse quantizer performs are different 
for each of the different standards. m this regard a 
CODING_STANDARD token is decoded and the inverse quantizer 79 
remembers which standard it is operating in. Then, any 
subsequent DATA tokens that happen after that event, but 
before another CODING_STANDARD may come along, are dealt with 
in the way indicated by the CODING_STANDARD that has been 
remembered inside the inverse quantizer. in the detailed 
description, there is a table illustrating different 
parameters in the different standards and what circuitry is 
responding to those different parameters or mathematics. 

The address generation, with reference to H.261, differs 
for each of the subsystems shown in Figure 12 and Figure 13. 
The address generation in Figure n, which generates 
addresses for the two FIFOs before and after the Huffman 
decoder, does not change depending on the coding standards. 
Even in H.261, the address generation that happens on that 
chip is unaltered. Essentially, the difference between these 
standards is that in MPEG and JPEG, there is an organization 
of macroblocks that are in linear lines going horizontally 
25 across pictures. As best observed in Figure 14a, a first 
macroblock A covers one full line. A macroblock B covers 
less than a line. A macroblock C covers multiple lines. The 
division in MPEG is into slices 132, and a slice may be one 
horizontal line, A, or it may be part of a horizontal line B, 
or it may extend from one line into the next line, C. Each 
of these slices 132 is made up of a row of macroblocks. 

In H.261, the organization is rather different 
because the picture is divided into groups of blocks (GOB) . 
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A group of blocks is three rows of macroblocks high by eleven 
macroblocks wide. m the case of a GIF picture, there are 
twelve such groups of blocks. However, they are not 
organized one above the other. Rather, there are two groups 
of blocks next to each other and then six high, i.e., there 
are 6 GOB's vertically, and 2 GOB's horizontally. 

In all other standards, when performing the 
addressing, the macroblocks are addressed in order as 
described above. More specifically, addressing proceeds 
along the lines and at the end of the line, the next line is 
started. m H.261, the order of the blocks is the same as 
described within a group of blocks, but in moving onto the 
next group of blocks, it is almost a zig-zag. 

The present invention provides circuitry to deal 
15 with the latter affect. That is the way in which the address 
generation in the spatial decoder and the video formatter 
varies for H.261. This is accomplished whenever information 
is written into the DRAM. It is written with the knowledge 
of the aforementioned address generation sequence so the 
place where it is physically located in the RAM is exactly 
the same as if this had been an MPEG picture of the same 
size. Hence, all of the address generation circuitry for 
reading from the DRAM, for instance, when forming 
predictions, does not have to comprehend that it is H.261 
standard because the physical placement of the information in 
the memory is the same as it would have been if it had been 
in MPEG sequence. Thus, in all cases, only writing of data 
is affected. 

In the Temporal Decoder, there is an abstraction for 
H.261 where the circuitry pretends something is different 
from what is actually occurring. That is, each group of 
blocks is conceptually stretched out so that instead of 
having a rectangle which is n x 3 macroblocks, the 
macroblocks are stretched out into a length of 33 blocks (see 
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Figure 14c) group of blocks which is one macroblock high. By 
doing that, exactly the same counting mechanisms used on the 
Temporal Decoder for counting through the groups of blocks 
are also used for MPEG. 

5 There is a correspondence in the way that the 

circuitry is designed between an H.261 group of blocks and an 
MPEG slice. When H.261 data is processed after the Start 
Code Detector, each group of blocks is preceded by a 
slice_start_code. The next group of! blocks is preceded by 

10 the next slice_start code. The counting that goes on inside 
the Temporal Decoder for counting through this structure 
pretends that it is a 33 macroblock-long group that is one 
macroblock high. This is sufficient, although the circuitry 
also counts every llth interval. When it counts to the nth 

15 macroblock or the 22nd macroblock, it resets some counters. 
This is accomplished by simple circuitry with another counter 
that counts up each macroblock, and when it gets to n, it 
resets to zero. The microcode interrogates that and does 
that work. All the circuitry in the temporal decoder of the 

20 present invention is essentially independent of the 
compression standard with respect to the physical placement 
of the macroblocks. 

In terms of multi-standard adaptability, there are 
a number of different tables and the circuitry selects the 
25 appropriate table for the appropriate standard at the 
appropriate time. Each standard has multiple tables; the 
circuitry selects from the set at any given time. Within any 
one standard, the circuitry selects one table at one time and 
another table another time. in a different standard, the 
circuitry selects a different set of tables. There is some 
intersection between those tables as indicated previously in 
the discussion of Figure 15. For example, one of the tables 
used in MPEG is also used in JPEG. The tables are not a 
completely isolated set. Figure 15 illustrates an H.261 
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set, ^MPEG set and a JPEG set. Note that there is a much 
greater overlap between the H.261 set and the MPEG set. They 
are quit, common in the tables they utilize. There is a 
s:r.all overlap between MPEG and JPEG, and there is no overlap 
at all between H.261 and JPEG so that these standards have 
totally different sets of tables. 

As previously indicated, most of the system units are 
compression standard independent. if a unit is standard 
independent, and such units need not remember what 
CODING_STANDARD is being processed. All of the units that 
are standard dependent remember the compression standard as 
the COD I NG_STANDARD token flows by them. When information 
encoded/decoded in a first coding standard is distributed 
through the machine, and a machine is changing standards, 
prior machines under microprocessor control would normally 
choose to perform in accordance with the H.261 compression 
standard. The MPU in such prior machines generates signals 
stating in multiple different places within the machine tha«- 
the compression standard is changing. The MPU makes changes 
at different times and, in addition, may flush the pipeline 
through . 

In accordance with the invention, by issuing a change of 
CODING.STANDARD tokens at the Start Code Detector that is 
positioned as the first unit in the pipeline, this change of 
compression standard is readily handled. The token says a 
certain coding standard is beginning and that control 
information flows down the machine and configures all the 
other registers at the appropriate time. The MPU need not 
program each register. 

The prediction token signals how to form predictions 
using the bits in the bitstream. Depending on which 
compression standard is operating, the circuitry translates 
the information that is found in the standard, i.e. from the 
bitstream into a prediction mode token. This processing is 
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perform by Che Huffman decoder and parser scat, 
where it is easv parser state machine, 

it 1S easy to manipulate bits based on certain 
conditions. The start Code Detector generates thl' 
preoption mode token. The tokenthen flows din the Machine 
to the circuitry of the Temporal Decoder, which is the dev ce 
responsible f or forming predictions. The circuitry of he 
spatial decoder interprets the token without having to kn"o! 
what standard it is o D er,t-i„„ i_ w ' " know 

is operating in because the bits in it are 

invariant in the three different standards. The Spat-" 
Decoder jU st does what it is told in response to 
By having these tokens and using the, appropriately, the 

there may be some complications in the program, benefits are 
received in that some of the hard wired logic which would be 
difficult to design for m ul ti-standards can be used here. 

S. JPEG STILL PICTURE DECODING 

As previously indicated, the present invention rela-es 
.o signal decompression and. more particularly, to the 
decompression of an encoded video signal, irrespective of the 
compression standard employed. 

One aspect of the present invention is to provide a first 
decoder circuit .the Spatial Decoder, to decode a first 
encoded signal ,the JPEG encoded video signal, in combination 
-.th a second decoder circuit (the Temporal Decoder, to 

- decode a first encoded signal (the MPEG or H. 261 encode" 
video signal, in a pipeline processing system. The Temporal 
Decoder is not needed for JPEG decoding. 

In this reaard fK« 

9 °' the invention facilitates the 

- r^rr p :r uty of ducm — — 

-.^^ a single pipeline decoder and 

decompression system tk^ * 

ni „ ol . y Tne decoding and decompression 

Pipeline processor is organized on a unique and special 
conf iguration wMch allQws ^ ^^^^ ^ ^ muiti _ s J nda ^ 
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encode -video signals through . the use of techniques all 
compatible with the single pipeline decoder and process^ 
system. The Spatial Decoder is combined with the Temporal 
Decoder, and the vid.o Formatter is used in driving a video 
display . 

Another aspect of the invention is the use of the 
combination of the Spatial Decoder and the Video Formatter 
for use with only still pictures. The compression standard 
independent Spatial Decoder performs all of the data 
processing within the boundaries of a single picture. Such 
a decoder handles the spatial decompression of the internal 
Picture data which is passing through the pipeline and is 
distributed within associated random access memories 
standard independent address generation circuits for handling 
the storage and retrieval of information into the memories 
Still picture data is decoded at the output of the Spatia^ 
Decoder, and this output is employed as input to the nuin- 
standard, configurable Video Formatter, which then provides 
an output to the display terminal. m . first sequence of 
similar pictures, each decompressed picture at the output of 
the spatial Decoder is of the same length in bits by the time 
the picture reaches the output of the Spatial Decoder a 
second sequence of pictures may have a totally different 
Picture size and, hence, have a different length when 
2= compared to the first length. Aga in, all such second 

sequence of similar pictures *r-~ n«* ^ . 

Hit - tures are of the same length in bits 
by the t ime such oicturpc y-^a^K 

pictures reach the output of the Spatia 1 

Decoder. 

Another aspect of the invention is to internally organize 

-> o the ' — — - — - 
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incoming standard dependent bitstream into a sequence of 
control tokens and DATA tokens, in combination with a 
Plurality of sequentially-positioned reconf igurabie 
processing stages selected and organized to act as 
standard-independent, reconf igurable-pipeline-processor . 
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with off h 9 ' 3 Sin9U SPatlal 

no off chip DRAM can rapidly decode baseline J PEG 
^ages. The Spatial Decoder , ellne JPt = 

b...Un. JPE = encoding standards. However the 
3 -at can be decoded may be limited by the sUe of the cutout 

a random" ^ ^ * P " Ul D ~° d " «^» -au^s 

Lndard CirCUit - havin * 

standard independent address generation circuits for handling 
the storage of information into the memories. 
10 As previously, indicated the Temporal Decoder is not 

requxred to decode JPEG-encoded video. Accordingly, signals 
carded by DATA toKens pass directly through the Tempera 
Decoder without further processing when the Temporal Decoder 
is configured for a JPEG operation. 
» A "«"" "P-et of the present invention is to provide in 

the spatial Decoder a pair of memory circuits, such as buff.. 

Huffman decoder/ video demultiplexer circuit (HO t VDM) A 
20 sllll bU Jl7 " em ° ry " P ° Sitloned -he HD 4 VDM, and a 

HD v D d ' " em0ry " the hd . VDM. The 

that a " bit ""» f "» «*• "nary ones and zeros 

that are in the standard encoded bitstream and turns such 

•« ^ stKM . The advan : a u ; e h 

of the two buffer system is for implementing a multi-standard 

thT m r SS r SyS ""- The " tU ° bU "« S - in combination with 
the identified implementation of the Huffman decoder are 
described hereinafter in greater detail. 

A .still further aspect of the present multi-standard, 

^0 0etelT SS1On 13 e «-*i««on of a start Code 

.0 Detector circuit positioned upstream of the first forward 

on. J ° Per " in ' tn combination with the Huffman decoder. 
One advantage of this combination is increased flexibility in 
paling with t „. input bitstreami particularly pa _ whish 

to be added to the bitstream. The placement of these 
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ident*^ d components, start Code Detector, memory buffers 
and Huffman decoder enhances the handling of JZl'n 
sequences in the input bitstream. 

in addition, off chip DRAMs are used for decoding jpeg- 
encoded video pictures in real time. The size and speed of 
the buffers used with the DRAMs will depend on the video 
encoded data rates. 

The coding standards identify all of the standard 
dependent types of information that is necessary for storage 
in the DRAMS associated with the Spatial Decoder using 
standard independent circuitry. 
3. MOTION PICTURE DECOMPRESSION 

in the present invention, if motion pictures are being 
decompressed through the steps of decoding, a further 
Temporal Decoder is necessary. The Temporal Decoder combines 
tne data decoded in the Spatial Decoder with pictures 
previously decoded, that are intended for display either 
before or after the picture being currently decoded. The 
Temporal Decoder receives, in the picture coded datastream 
information to identify this temporally-displaced 
information. The Temporal Decoder is organized to address 
temporally and spatially displaced information, retrieve it 
and combine it in such a way as to decode the information 
seated m one picture with the picture currently being 
decoded and ending with a resultant picture that is complete 
and xs suitable for transmission to the video formatter for 
driving the display screen. Alternatively, the resultant 
Picture can be stored for subsequent use in temporal decoding 
of subsequent pictures. 

Generally, the Temporal Decoder performs the processing 
between pictures either earlier and/or later in time with 
reference to the picture currently being decoded. The 
Temporal Decoder reintroduces information that is not encoded 
-irhin the coded representation of the picture, because it is 
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redact and is already available at the decoder More 

!o p ;:: ficaiiy ' * ~ s probabie — ^ — ^* " " 

-ntaxn Slmilar infornatlon ag teapora ;* 

;:^ lng ^ b — -nd after. This similarity can 

be made greater if mo tion compensation is applied. . ne 
Temporal Decoder and decompression circuit also reduces ^e 
redundancy between related pictures. 

In.another aspect of the present invention, the Temporal 
Decoder is employed for handling the standard-dependent 
output information from the Spatial Decoder. This standard 
dependent information for a single picture is distributed 
among several areas of DRAM in the sense that the 
decompressed output information, processed by the Spatial 
Decoder, is stored in other DRAM registers by other random 
access memories having still other machine-dependent 
standard-independent address generation circuits fo ~ 
combining one picture of spatially decoded information sacked 
o spatially decoded picture information, temporally 
displaced relative to the temporal position of the first 
picture. 

in multi-standard circuits capable of decoding MPEG- 
encoded signals, larger logic DRAM buffers may be required to 
support the larger picture formats possible with MPEG 

• The picture information is moving through the serial 
Pipeline in 8 pel by . pe i blocks. m one form of the 
invention, the address decoding circuitry handles these pe i 
blocks (storing and retrieving) along such block boundaries' 
The address decoding circuitry also handles the storing and 
retrieving of such 8 by 8 pel blocks across such boundaries 
This versatility is more completely described hereinafter 

A second Temporal Decoder may also be provided which 
passes the output of the first decoder circuit (the Spatial 
Decoder) directly to the Video Formatter for handling without 
signal processing delay. 
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IbeWTemporal Decoder also reorders the blocks of picture 
data for display by a display circuit. The address decode 
circuitry, described hereinafter, provides handling of this 
reordering. 

5 As previously mentioned, one important feature of the 

Temporal Decoder is to add picture information together from 
a selection of pictures which have arrived earlier or later 
than the picture under processing. when a picture is 
described in this context, it may mean any one of the 
10 following: 

1. The coded data representation of the picture; 

2. The result, i.e., the final decoded picture 
resulting from the addition of a process step 
performed by the decoder; 

^5 3. Previously decoded pictures read from the DRAM; and 
4. The result of the spatial decoding, i.e., the extent 
of data between a PICTURE_START token and a 
subsequent PICTURE_END token. 

After the picture data information is processed by the 
0 Temporal Decoder, it is either displayed or written back into 
a picture memory location. This information is then kept for 
further reference to be used in processing another different 
coded data picture. 

Re-ordering of the MPEG encoded pictures for visual 
display involves the possibility that a desired scrambled 
picture can be achieved by varying the re-ordering feature of 
the Temporal Decoder. 

4. RAM MEMORY MAP 

The Spatial Decoder, Temporal Decoder and Video 
Formatter all use external DRAM. Preferably, the same DRAM 
is used for all three devices. While all three devices use 
DRAM, and all three devices use a DRAM interface in 
conjunction with an address generator, what each implements 
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m DRAM is different. That is, each chip, e.g. Spatial 
Decoder and Temporal Decoder, have a different DRAM interface 
and address generation circuitry even through they use a 
similar physical, external DRAM. 

In brief, the Spatial Decoder implements two FIFOs in 
the common DRAM. Referring again to Figure 11, one FIFO 54 
is positioned before the Huffman decoder 56 and parser, and 
the other is positioned after the Huffman decoder and parser 
The FIFOs are implemented in a relatively straightforward 
manner. For each FIFO, a particular portion of DRAM is set 
aside as the physical memory in which the FIFO will be 
implemented. 

The address generator associated with the Spatial 
Decoder DRAM interface 58 keeps track of FIFO addresses using 
two pointers, one pointer points to the first word stored in 
the FIFO, the other pointer points to the last word stored in 
the FIFO, thus allowing read/write operation on' the 
appropriate word. when, in the course of a read or write 
operation, the end of the physical memory is reached, the 
address generator "wraps around" to the start of the physical 
memory . 

In brief, the Temporal Decoder of the present invention 
must be able to store two full pictures or frames of whatever 
encoding standard (MPEG or H.261) is specified. For 
simplicity, the physical memory in the DRAM into which the 
two frames are stored is split into two halves, with each 
half being dedicated (using appropriate pointers) to a 
particular one of the two pictures. 

MPEG uses three different picture types: Intra (I), 
Predicted (P) and Bidirectionally interpolated (B) . As 
previously mentioned, B pictures are based on predictions 
from two pictures. One picture is from the future and one 
from the past. I pictures require ho further decoding by the 
Temporal Decoder, but must be stored in one of the two 
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picture -buffers for later use in decoding P and B pictures 
Decoding p pictures requires forming predictions from a 
previously decoded P or I picture. The decoded P picture <s 
stored in a picture buffer for use decoding P and B pictures. 
B pictures can require predictions form both of the picture 
buffers. However, B pictures are not stored in the external 
DRAM. 

Note that I and P pictures are not output from the 
Temporal Decoder as they are decoded. Instead, I and P 
pictures are written into one of the picture buffers, and are 
read out only when a subsequent I or P picture arrives for 
decoding. m other words, the Temporal Decoder relies on 
subsequent P or I pictures to flush previous pictures out of 
the two picture buffers, as further discussed hereinafter in 
15 the section on flushing. m brief, the Spatial Decoder can 
provide a fake I or P picture at the end of a video sequence 
to flush out the last P or I picture. In turn, this fake 
picture is flushed when a subsequent video sequence starts. 
The peak memory band width load occurs when decoding B 
20 pictures. The worst case is the B frame may be formed from 
predictions from both the picture buffers, with all 
predictions being made to half-pixel accuracy. 

As previously described, the Temporal Decoder can be 
configured to provide MPEG picture reordering. With this 
25 picture reordering, the output of P and I pictures is delayed 
until the next P or I picture in the data stream starts to be 
decoded by the Temporal Decoder. 

As the P or I pictures are reordered, certain tokens are 
stored temporarily on chip as the picture is written into the 
30 picture buffers. When the picture is read out for display, 
these stored tokens are retrieved. At the output of the 
Temporal Decoder, the DATA Tokens of the newly decoded P or 
I picture are replaced with DATA Tokens for the older P or I 
picture . 
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..contrast, H.J61 makes predictions only from , K 
P-ture Just decoded. As each picture is decoded it 
-»«.„ into one of the two picture buffers so it can b e " 
_ - Ccodin, the next picture. The on ly oZ 
> operations required are writing 8 x 8 blocks ™ 

predictions with integer accuracy motion vectors ^ 

pictures "^h' V " e ° ror ~"« frames or 

such feat Pi " U " S tS be to accomodate 

such features as repeating or skipping pictures. 

10 S. BITSTREAM CHARACTERISTICS 

Referring now particularly to the soati.i r,„ 
present invention it is hi, , , SP " lal Dec °1er of the 

characteristics of \„ reV " W bit ««»» 

.„„,„ rlstlcs <* the encoded datastream as these 
Characterises . U5t be handled by the circuitry JT 
» Spatial Oecoder and the Temporal Decoder. Por 2 m P le unde 

::: :;a::i;d c °™ pre : sion standards - th « — "» " 

"andard x, achieved by varying the number of bits -ha- 
lt uses to code the pictures of a picture Th. if 
bits can vary by a win- ■ P lct "re. The number of 

™ that the lenoth of k 91 "- Specif i" 1 ^- this means 

Picture of a oi V * U " d to encode a referenced 

Icng. r ;nol:r ^ I^t £ ."^t, " "" ~ 

still third picture Juld be a ^ ^ t ^ 

"° ne ° f the existing standards (MPEG ,. a . JPEG , „ 261) 

whe": h a ^ Sndin9 ' the i">P"-tion be ng' ha 

*hen the next picture start-c 

Additionallv \h St3rts ' current one has finished. 

Additionally, the standards f» t>«i 

inrnmn1fl . S t«-261 specifically) allow' 

incomplete pictures to be generate 

generated by the encoder, 
■i-n accordance with th.» 

^> Present invention, there is 

provided a way of indicating the enrf • 

one of i- e * „ ° f a P iCt ure by using 

one of its tokens: PICTURE END Th a ^- i 

H»t-» i - Uf Tne still encoded picture 

data leaving the Start Code Detect 

sta „ inn . w detector consists of pictures 

s^ar^xng with a PICTURE START f«i,~ 

art token and ending with a 
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PICTURE_END token, but still of widely varying length. There 
may be other information transmitted here (between the first 
and second picture) , but it is known that the first picture 
has finished. 

5 The data stream at the output of the Spatial Decoder 

consists of pictures, still with picture-starts and picture- 
ends, of the same length (number of bits) for a given 
sequence. The length of time between a picture-start and a 
picture-end may vary. 

10 The Video Formatter takes these pictures of non-uniform 

time and displays them on a screen at a fixed picture rate 
determined by the type of display being driven. Different 
display rates are used throughout the world, e.g. PAL-NTSC 
television standards. This is accomplished by selectively 

15 dropping or repeating pictures in a manner which is unique. 
Ordinary "frame rate converters," e.g. 2-3 pulldown, operate 
with a fixed input picture rate, whereas the Video Formatter 
can handle a variable input picture rate. 
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6. RECONFIGURABLE PROCESSING STAGE 

Referring again to Figure 10, the reconf igurable 
processing stage (RPS) comprises a token decode circuit 3 3 
which is employed to receive the tokens coming from a two 
wire interface 37 and input latches 34. The output of the 
token decode circuit 33 is applied to a processing unit 36 
25 over the two-wire interface 37 and an action identification 
circuit 39. The processing unit 36 is suitable for 
processing data under the control of the action 
identification circuit 39. After the processing is 
completed, the processing unit 36 connects such completed 
3 0 signals to the output, two-wire interface bus 40 through 
output latches 41. 

The action identification decode circuit 39 has an 
input from the token decode circuit 33 over the two-wire 
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interface bus 4 0 and/ or from memory circuits 4 3 and 44 over 
two-wire interface bus 46. The tokens from the token decode 
circuit 33 are applied simultaneously to the action 
identification circuit 39 and the processing unit 36. The 
action identification function as well as the RPs is 
described in further detail by tables and figures in a 
subsequent portion of this specification. 

The functional block diagram in Figure io 
illustrates those stages shown in Figures 11, 12 and 13 which 
are not standard independent circuits. The data flows 
through the token decode circuit 33, through the processing 
unit 36 and onto the two-wire interface circuit 4 2 through 
the output latches 41. if the Control Token is recognized- by 
the RPS, it is decoded in the token decode circuit 3 3 and 
appropriate action will be taken. If it is not recognized, 
it will be passed unchanged to the output two-wire interface 
4 2 through the output circuit 41. The present invention 
operates as a pipeline processor having a two-wire interface 
for controlling the movement of control tokens through the 
pipeline. This feature of the invention is described in 
greater detail in the previously filed EPO patent application 
number 92306038.8. 

In the present invention, the token decode circuit 33 is 
employed for identifying whether the token presently entering 
through the two-wire interface 42 is a DATA token or control 
token. in the event that the token being examined by the 
token decode circuit 3 3 is recognized, it is exited to the 
action identification circuit 39 with a proper index signal 
or flag signal indicating that action is to be taken. At the 
same time, the token decode circuit 33 provides a proper flag 
or index signal to the processing unit 3 6 to alert it to the 
presence of the token being handled by the action 
identification circuit 39. 
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Control tokens may also be processed. 

A more detailed description of the various types of 
tokens usable in the present invention will be subsequently 
described hereinafter. For the purpose of this portion of 
5 the specification, it is sufficient to note that the address 
carried by the control token is decoded in the decoder 3 3 and 
is used to access registers contained within the action 
identification circuit 39. When the token being examined is 
a recognized control token, the action identification circuit 

10 39 uses its reconfiguration state circuit for distributing 
the control signals throughout the state machine. As 
previously mentioned, this activates the state machine of the 
action identification decoder 39, which then reconfigures 
itself. For example, it may change coding standards. in 

15 this way, the action identification circuit 39 decodes the 
required action for handling the particular standard now 
passing through the state machine shown with reference to 
Figure 10. 

Similarly, the processing unit 3 6 which is under 
20 the control of the action identification circuit 39 is now 
ready to process the information contained in the data fields 
of the DATA token when it is appropriate for this to occur. 
On many occasions, a control token arrives first, 
reconfigures the action identification circuit 39 and is 
2 5 immediately followed by a DATA token which is then processed 
by the processing unit 36. The control token exits the 
output latches circuit 41 over the output two-wire interface 
42 immediately preceding the DATA token which has been 
processed within the processing unit 36. 
30 m the present invention, the action identification 

circuit, 39, is a state machine holding history state. The 
registers, 43 and 44 hold information that has been decoded 
from the token decoder 3 3 and stored in these registers. 



106 



10 



15 



Such registers can be either on-chip or-off chip as needed 
These plurality of state registers contain action information 
connected to the action identification currently being 
identified in the action identification circuit 39. This 
action information has been stored from previously decoded 
tokens and can affect the action that is selected. The 
connection 40 is going straight from the token decode 33 to 
the action identification block 39. This is intended to show 
that the action can also be affected by the token that is 
currently being processed by the token decode circuit 33. 

In general, there is shown token decoding and data 
processing in accordance with the present invention. The 
data processing is performed as configured by the action 
identification circuit 39. The action is affected by a 
number of conditions and is affected by information generally 
derived from a previously decoded token or, more 
specifically, information stored from previously decoded 
tokens in registers 43 and 44, the current token under 
processing, and the state and history information that the 
20 action identification unit 39 has itself acquired. a 
distinction is thereby shown between Control tokens and DATA 
tokens . 

In any RPS, some tokens are viewed by that RPS unit as 
being Control tokens in that they affect the operation of the 
25 rps presumably at some subsequent time. Another set of 
tokens are viewed by the RPS as DATA tokens. Such DATA 
tokens contain information which is processed by the RPS in 
a way that is determined by the design of the particular 
circuitry, the tokens that have been previously decoded and 
the state of the action identification circuit 39. Although 
a particular RPS identifies a certain set of tokens for that 
particular RPS control and another set of tokens as data, 
that is the view of that particular RPS. Another RPS can 
have a different view of the same token. Some of the tokens 
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might-be, viewed by one RPS unit as DATA Tokens while another 
RPS unit mi ght decide that it is actually a Control Token. 
For example, the quantization table information, as far as 
me Huffr.an decoder and state machine is concerned, is data 
=> because it arrives on its input as coded data, it gets 
formatted up into a series of 8 bit words, and they get 
formed into a token called a quantization table token 
( QUANT_TABLE ) which goes down the processing pipeline. As 
far as that machine is concerned, all of that was data; it 
10 was handling data, transforming one sort of data into another 
sort of data, which is clearly a function of the processing 
performed by that portion of the machine. However, when that 
information gets to the inverse quantizer, it stores the 
information in that token a plurality of registers. In fact 
1. because there are 64 8-bit numbers and there are many 
registers, in general, many registers may be present. This 
information is viewed as control information, and then that 
control information affects the processing that is done on 
subsequent DATA tokens because it affects the number that you 
-o multiply each data word. There is an example where one stage 
viewed that token as being data and another stage viewed it 
as being control. 

Token data, in accordance with the invention is almost 
universally viewed as being data through the machine. One of 

o the important aspects is that, in general, each stage of 
circuitry that has a token decoder will be looking for a 
certain set of tokens, and any tokens that it does not 
recognize will be passed unaltered through the stage and down 
the pipeline, so that subsequent stages downstream of the 

o current stage have the benefit of seeing those tokens and may 
respond to them. This is an important feature, namely there 
can be communication between blocks that are not adjacent to 
one another using the token mechanism. 

Another important feature of the invention is that each of 
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the stages of circuitry has the processing capability within 
it to be able to perforin the necessary operations for each of 
the standards, and the control, as to which operations are to 
be performed at a given time, come as tokens. There is one 
processing element that differs between the different stages 
to provide this capability, m the state machine ROM of the 
parser, there are three separate entirely different programs, 
one for each of the standards that are dealt with. Which 
program is executed depends upon a COD ING_STANDARD token. In 
otherwords, each of these three programs has within it the 
ability to handle both decoding and the CODING_STANDARD 
standard token. when each of these programs sees which 
coding standard, is to be decoded next, they literally jump 
to the start address in the microcode ROM for that particular 
program. This is how stages deal with multi-standardness. 

Two things are affected by the different standards. 
First, it affects what pattern of bits in the bitstream are 
recognized as a start-code or a marker code in order to 
reconfigure the shift register to detect the length of the 
start marker code. Second, there is a piece of information 
in the microcode that denotes what that start or marker code 
means. Recall that the coding of bits differs between the 
three standards. Accordingly, the microcode looks up in a 
table, specific to that compressor standard, something that 
is independent of the standard, i.e., a type of token that 
represents the incoming codes. This token is typically 
independent of the standard since in most cases, each of the 
various standards provide a certain code that will produce 

it: 

The inverse quantizer 79 has a mathematical 
capability. The quantizer multiplies and adds, and has the 
ability to do all three compression standards which are 
configured by parameters. For example, a flag bit in the ROM 
in control tells the inverse quantizer whether or not to add 
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a constant, K. Another flag tells the inverse quantizer 
whether to add another constant. The inverse quantizer 
remembers in a register the COD I NONSTANDARD token as it flows 
by the quantizer. When DATA tokens pass thereafter, the 
inverse quantizer remembers what the standard is and it looks 
up the parameters that it needs to apply to the processing 
elements in order to perform a proper operation. For 
example, the inverse quantizer will look up whether K is set 
to 0, or whether it is set to 1 for a. particular compression 
standard, and will apply that to its processing circuitry. 

In a similar sense the Huffman decoder 56 has a number 
of tables within it, some for JPEG, some for MPEG and some 
for H.261. The majority of those tables, in fact, will 
service more than one of those compression standards. Which 
tables are used depends on the syntax of the standard. The 
Huffman decoder works by receiving a command from the state 
machine which tells it which of the tables to use. 
Accordingly, the Huffman decoder does not itself directly 
have a piece of state going into it, which is remembered and 
which says what coding it is performing. Rather, it is the 
combination of the parser state machine and Huffman decoder 
together that contain information within them. 

Regarding the Spatial Decoder of the present 
invention, the address generation is modified and is similar 
to that shown in Figure 10, in that a number of pieces of 
information are decoded from tokens, such as the coding 
standard. The coding standard and additional information as 
well, is recorded in the registers and that affects the 
progress of the address generator state machine as it steps 
through and counts the macroblocks in the system, one after 
the other. The last stage would be the prediction filter 179 
(Figure 17} which operates in one of two modes, either H.261 
or MPEG and are easily identified. 
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form of the invention, the token extension is used to carry 
the current coding standard which is decoded by the relative 
token decode circuits distributed throughout the machine, and 
is used to reconfigure the action identification circuit 3 9 
of stages throughout the machine wherever it is appropriate 
to operate under a new coding standard. Additionally, the 
token decode circuit can indicate whether a control token is 
related to one of the selected standards which the circuit 
was designed to handle. 

More specifically, an MPEG start code and a JPEG marker 
are followed by an 8 bit value. The H.261 start code is 
followed by a 4 bit value. In this context, the Start Code 
Detector 51, by detecting either an MPEG start-code or a JPEG 
marker, indicates that the following 8 bits contain the value 
associated with the start-code. Independently, it can then 
create a signal which indicates that it is either an MPEG 
start code or a JPEG marker and not an H.2 61 start code. In 
this first instance, the 8 bit value is entered into a decode 
circuit, part of which creates a signal indicating the index 
and flag which is used within the current circuit for 
handling the tokens passing through the circuit. This is 
also used to insert portions of the control token which will 
be looked at thereafter to determine which standard is being 
handled. In this sense, the control token contains a portion 
indicating that it is related to an MPEG standard, as well as 
a portion which indicates what type of operation should be 
performed on the accompanying data. As previously discussed, 
this information is utilized in the system to reconfigure the 
processing stage used to perform the function required by the 
various standards created for that purpose. 

For example, with reference to the H.261 start code, it 
is associated with a 4 bit value which follows immediately 
after the start code. The Start Code Detector passes this 
value into the token generator state machine. The value is 
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applied to an 8 bit decoder which produces a 3 bit start 
number. The start number is employed to identify the 
picture-start of a picture number as indicated by the value. 

The system also includes a multi-stage parallel 
processing pipeline operating under the principles of the 
two-wire interface previously described. Each of the stages 
comprises a machine generally taking the form illustrated in 
Figure 10. The token decode circuit 3 3 is employed to direct 
the token presently entering the state machine into the 
action identification circuit 39 or the processing unit 36, 
as appropriate. The processing unit has been previously 
reconfigured by the next previous control token into the form 
needed for handling the current coding standard, which is now 
entering the processing stage and carried by the next DATA 
token. Further, in accordance with this aspect of the 
invention, the succeeding state machines in the processing 
pipeline can be functioning under one coding standard, i.e., 
H.261, while a previous stage can be operating under a 
separate standard, such as MPEG. The same two-wire interface 
is used for carrying both the control tokens and the DATA 
Tokens . 

The system of the present invention also utilizes 
control tokens required to decode a number of coding 
standards with a fixed number of reconf igurable processing 
stages. More specifically, the P I CTURE_END control token is 
employed because it is important to have an indication of 
when a picture actually ends. Accordingly, in designing a 
multi-standard machine, it is necessary to create additional 
control tokens within the multi-standard pipeline processing 
machine which will then indicate which one of the standard 
decoding techniques to use. Such a control token is the 
PI CTURE_END token. This PI CTURE_END token is used to 
indicate that the current picture has finished, to force the 
buffers to be flushed, and to push the current picture 
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through the decoder to the display. 

8. MOLT I -STANDARD PROCESSING CIRCUIT - SECOND 
MODE OF OPERATION 

A compression standard-dependent circuit, in the form of 
the previously described Start Code Detector, is suitably 
interconnected to a compression standard-independent circuit 
over an appropriate bus. The standard-dependent circuit is 
connected to a combination dependent- independent circuit over 
the same bus and an additional bus. The standard-independent 
circuit applies additional input to the standard dependent- 
independent circuit, while the latter provides information 
back to the standard- independent circuit. Information from 
the standard- independent circuit is applied to the output 
over another suitable bus. Table 600 illustrates that the 
15 multiple standards applied as the input to the standard- 
dependent Start Code Detector 51 include certain bit streams 
which have standard-dependent meanings within each encoded 
bit stream. 

9. START-CODE DETECTOR 

20 As Previously indicated the Start Code Detector, in 

accordance with the present invention, is capable of taking 
MPEG, JPEG and H.261 bit streams and generating from them a 
sequence of proprietary tokens which are meaningful to the 
rest of the decoder. As an example of how multi-standard 
decoding is achieved, the MPEG (l and 2) picture_start_code, 
the H.261 picture_start_code and the JPEG start_of_scan (SOS) 
marker are treated as equivalent by the Start Code Detector, 
and all will generate an internal PICTURE_START token. In a 
similar way, the MPEG sequence_start_code and the JPEG SOI 
3 0 (start_of_image) marker both generate a machine 
sequence_start_token. The H.261 standard, however, has no 
equivalent start code. Accordingly, the Start Code Detector, 
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in response to the first H.261 picture start code wi „ 
generate a sequence_start token. " ~ ' 

None of the above described images are directly used 
ot.er than in the SCO. Rather, a machine PICTURE STAR- 
token, for example, has been deemed to be equivalent Zo the 
PICTURE_.START images contained in the bit streak 
Furthermore, it must be borne in mind that the machine 
P I CTURE_ s TART by itself, is not a direct image of t\ e 
PICTURE.STAHT in the standard. Rather, it is a control token 
which is used in combination with other control tokens to 
provide standard-independent decoding which emulates the 
operation of the images in each of the compression coding 
standards. The combination of control tokens in combination 
-ith the reconfiguration of circuits, in accordance with the 
information carried by control tokens, is unique in and of 
itself, as well as in further combination with indices and/or 
flags generated by the token decode circuit portion of a 
respective state machine. A typical reconf igurable state 
rr.acnme will be described subsequently. 

Referring again to Table 600, there are shown the names 
of a group of standard images in the left column. m the 
right column there are shown the machine dependent control 
tokens used in the emulation of the standard encoded signal 
which is present or not used in the standard image. 

with reference to Table 600, it can be seen that a 
nachine sequence_start signal is generated by the Start Code 
Detector, as previously described, when it decodes any one o* 
the standard signals indicated in Table 600. The Start Code 
Detector creates sequence_start , group_start, sequence end, 
slice_start, user-data, extra-data and PICTCRE.START tokens 

i0r application to the two-wirp i r^~*-*^ 

uwo wire interface which is used 

throughout the system. Each of the stages which operate in 
conjunction with these control tokens are configured by the 
contents of the tokens, or are configured by indices created 
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by cofrt^hts of the tokens, and are prepared to handle data 
which is expected to be received when the picture DATA Token 
arrives at that station. 

As previously described, one of the compression 
standards, such as H.261, does not have a sequence_start 
image in its data stream, nor does it have a PICTURE END 
image in its data stream. The Start Code Detector indicates 
the PICTURE_END point in the incoming bit stream and creates 
a PICTURE_END token. in this regard, the system of the 
present invention is intended to carry data words that are 
fully packed to contain a bit of information in each of the 
register positions selected for use in the practice of the 
present invention. To this end, 15 bits have been selected 
as the number of bits which are passed between two start 
15 codes. of course, it will be appreciated by one of ordinary 
skill in the art, that a selection can be made to include 
either greater or fewer than 15 bits. In other words, ail 15 
bits of a data word being passed from the Start Code Detector 
mtc the DRAM interface are required for proper operation. 
20 Accordingly, the Start Code Detector creates extra bits, 
called padding, which it inserts into the last word of a DATA 
Token. For purposes of illustration 15 data bits has been 
selected. 

To perform the Padding operation, in accordance with the 
present invention, binary o followed by a number of binary 
l's are automatically inserted to complete the 15 bit data 
word. This data is then passed through the coded data buffer 
and presented to the Huffman decoder, which removes the 
padding. Thus, an arbitrary number of bits can be passed 
through a buffer of fixed size and width. 

In one embodiment, a slice_start control token is used 
to identify a slice of the picture. A slice_start control 
token is employed to segment the picture into smaller 
regions. The size of the region is chosen by the encoder. 
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the sUce t ^ntifies this uni q ue pst «„ of 

s-ges, located downstream from the start Code Detector to 
segment the picture be ing received into waller regions ' 



the start Code Detector and used by the recombination^ 
Circuitry and control tokens to decompress the encoded 
Picture. The slice_start_codes are principaUy used - oc 

error recovery. 

The start codes provide a unique method of starting up 
the decoder, and this will subsequently be described in 
further detail. There are a number of advantages in placxng 
the start Code Detector before the coded data buffer as 
opposed to placing the Start Code Detector after the coded 

- data buffer and before the Huffman decoder and video 
demultiplexer. Locating the Start Code Detector before t^e 
first buffer allows it to i, assemble the tokens, 2) decode 
the standard control signals, such as start codes, 3) pad the 
bitstrean before the data goes into the buffer, and 4) create 

- proper sequence of control tokens to empty the buffers 
pushing the available data from the buffers into the Huffman 
Decoder . 

Most of the control token output by the Start Code 
. Detector directly reflect syntactic elements of the various 
=> Picture and video coding standards. The Start Code Detector 
converts the syntactic elements into control tokens. m 
addition to these natural tokens, some unique and/or machine! 
dependent tokens are generated. The unique tokens include 
those tokens which have been specifically designed for use 
vith the system of the present invention which are unique in 
and of themselves, and are employed for aiding in the multi- 
standard nature of the present invention. Examples of such 
unique tokens include PICTURE_END and CODING_STANDARD . 

Tokens are also introduced to remove some of the 
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function in co-operation with the error condition, 
-tcatic toKen generation is done after the ^ ! taly ! 

5 Decode Standard - d ^" d *« -«•• Therefore, the Spat a 
Decoder responds equally to tokens that have been supplied 

directly to the input of the Spatial Decoder, i.e. the SCO 
as wen as to tok . ns that 9enerjted CD 

detection of the start-codes in the coded data. A sequence 
of .xtr. toKens is inserted into the two- wire interface 'in 
-0 order to control the multi-standard nature of the present 

invention. F esenr 

The «pzg and H .2«i coded video streams contain standard 
dependent non-data, identifiable bit patterns, one of w„Lh 

' « code r ""^ 3 " a " ^ " d '° r standard-dependent 

" . staVt"; k fUnCti ° n ^ ^ JPEG ' * —codes 

These start/.arKer codes identify significant parts of the 

yntax of the coded datastrea*. Th e analysis of start/.arfcer 
codes performed by the Start r«rf» n - 7 iKer 

y me start Code Detector is the first e - a „ a 
m parsing the coded data. 9 

20 can b ; he d Start/marker «d. patterns are designed so that they 

Thus t^ " deC ° ding enti - — 

in^ion to"" ^ US6d ' ^ ™*"« »^ the present 
invention ' assist with error recovery and decoder start- 
up. T he start Code Detector provides facilities to detect 
" HI 0 : 5 ^ ^ C ° ded construction and to assist the 

^heV detat ^ ^ >» ~ ' *n 

decoder. ^ Pr ° CeSS ° f sta "-9 up of the 

or, ^ af ° rementioned description has been concerned 
Pr«.rxlty with the characteristics of the machine-dependent 
t stream and its relationship with the addressing 
characteristics of the present invention. The follow!.,* 



description is of the bit stream characteristics 



of che 
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standard-dependent coded data with reference to th 
Code Detector. nce to the Start 



been selects! to h COnfl 9 u "tion " image w hich hasj 

specif icet^ LVoV"^ ^ "" ieul « compression 
a start code value The s t T ""^ " 

identify „it hln th e Ian Val " 6nPl °^ d " 

operation t h at t h e start ^ °' »' 
-Iti-standard decoder oT «„" ""^"^ »""• the 
compatihiu.y is based upon .he cont^T* lnVSnti ° n ' 
confutation as .r^l^ZrllL V d 
including fi aa siana , ascribed. Index signals, 

' state .ZVrl ^ZT^'™'™ " ithin — 

The start h eSCrlb * d hereiM »« « appropriate. 

standards, as leu s ole nirker """^ ln «• 

— , are so Jl^C^ "rir" " <° 
with the use of code and *" aVOid =° nf "si°n 

« the contents of controra a d/ ne " dePendent " 

— -so. z:\zr used in " e 

generic tern to refer to JPEG I v "*"' " * 

and h.2.1 start codes <S,l ^ " as HPE <= 

the same purpose Also ^ ~— 

refer to the FLUS „ t oZ a nd " "" USh " *" " 

— «- —in, the st! c a ode a 0 :: e r :;or f 7hifr pie when 

(including the signal "flushed", To 1 I 
FLUSH token is always written J' infusion, the 

of th. — , ntten ln "PP« case. All other uses 

of the term (verb or noun, are in lower case 

conprIs h e e s S da n t? rd "d dePendent ^ Pi """ ^ 

s-ar- " a " ima '« ° £ v «Xing lengths. The 

o'era;::: 9 :; ""J "" h «»» ' -I- telling the user what 

f="o ■ i I " ' ° 6 P " C °™** °" the data which Mediately 

standard , "* " " tMd ««- H °"* Ver " in «*• ^t,- 

standard pip . lln . processin , systen of invention . 
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where compatibility is required for multiple standards, the 
system has been optimized for handling all functions in all 
standards. Accordingly, in many situations, unique start 
control tokens must be created which are compatible not only 
with the values contained in the values of the encoded signal 
standard image, but which are also capable of controlling the 
various stages to emulate the operation of the standard as 
represented by specified parameters for each standard which 
are well known in the art. All such standards are 
incorporated by reference into this specification. 

It is important to understand the relationship between 
tokens which, alone or in combination with other control 
tokens, emulate the nondata information contained in the 
standard bit stream. A separate set of index signals, 
including flag signals, are generated by each state machine 
to handle some of the processing within that state machine. 
Values carried in the standards can be used to access machine 
dependent control signals to emulate the handling of the 
standard data and non-data signals. For example, the 
slice_start token is a two word token, and it is then entered 
onto the two wire interface as previously described. 

The data input to the system of the present invention 
may be a data source from any suitable data source such as 
disk, tape, etc., the data source providing 8 bit data to the 
first functional stage in the Spatial Decoder, the Start Code 
Detector 51 (Figure 11) . The Start Code Detector includes 
three shift registers; the first shift register is 8 bits 
wide, the next is 24 bits wide, and the next is 15 bits wide. 
Each of the registers is part of the two-wire interface. The 
data from the data source is loaded into the first register 
as a single 8 bit byte during one timing cycle. Thereafter, 
the contents of the first shift register is shifted one bit 
at a time into the decode (second) shift register. After 2 4 
cycles, the 24 bit register is full. 
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Every 8 cycles, the 8 bit bytes are loaded into the 
first shift register. Each byte is loaded into the value 
shift register 221 (Figure 20), and 8 additional cycles are 
used to empty it and load the shift register 231. Eight 
cycles are used to empty it, so after three of those 
operations or 24 cycles, there are still three bytes in the 
24 bit register. The value decode shift register 230 is 
still empty. 

Assuming that there is now a PICTURE_START word in the 
24 bit shift register, the detect cycle recognizes the 
PICTURE_START code pattern and provides a start signal as its 
output. Once the detector has detected a start, the byte 
following it is the value associated with that start code, 
and this is currently sitting in the value register 221. 

Since the contents of the detect shift register has been 
identified as a start code, its contents must be removed from 
the two wire interface to ensure that no further processing 
takes place using these 3 bytes. The decode register is 
emptied, and the value decode shift register 230 waits for 
the value to be shifted all the way over to such register. 

The contents now of the low order bit positions of the 
value decode shift register contains a value associated with 
the PICTURE_START. The Spatial Decoder equivalent to the 
standard PICTURE_START signal is referred to as the SD 
PICTURE_START signal. The SD PICTURE_START signal itself is 
going to now be contained in the token header, and the value 
is going to be contained in the extension word to the token 
header. 

10. TOKENS 

In the practice of the present invention, a token is a 
universal adaptation unit in the form of an interactive 
interfacing messenger package for control and/or data 
functions and is adapted for use with a reconf igurable 
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proce^s^g sta ge (RPS) which is a stage> which in respQnse ^ 

a recognized token, reconfigures itself to perforin various 
operations . 

Tokens -nay be either position dependent or position 
independent upon the processing stages for performance of 
various functions. Tokens may also be metamorphic in that 
they can be altered by a processing stage and then passed 
down the pipeline for performance of further functions. 
Tokens nay interact with all or less than all of the stages 
and in this regard may interact with adjacent and/or non- 
adjacent stages. Tokens may be position dependent for some 
functions and position independent for other functions, and 
the specific interaction with a stage may be conditioned by 
the previous processing history of a stage. 

A PICTURE.EMD token is a way of signalling the end of a 

picture in a mult i-standard decoder. 

A multi-standard token is a way of mapping MPEG , JPEG 

and H.261 data streams onto a single decoder using a mixture 

of standard dependent and standard independent hardware and 

control tokens. 

A SEARCH_MODE token is a technique for searching MPEG, 
JPEG and H.261 data streams which allows random access and 
enhanced error recovery. 

A ST0P_AFTER_PICTURE token is a method of achieving a 
clear end to decoding which signals the end of a picture and 
clears the decoder pipeline, i.e., channel change. 

Furthermore, padding a token is a way of passing an 
arbitrary number of bits through a fixed size, fixed width 
buffer. 

The present invention is directed to a pipeline 
processing system which has a variable configuration which 
uses tokens and a two-wire system. The use of control tokens 
and DATA Tokens in combination with a two-wire syste- 
facilitates a multi-standard system capable of having 
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extended- oDeraf;„„ 

. - hi : h -:r: t rr«r jlt— - 

noting i, their simtlariti J / serxal processor and 
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token function to effectived "Acting the correct 

— Is sent into JT^r^ £ f °' 
tokens ere to emulate the standards 

i. use d partially as " , C ° n,:r01 
between the standard d ,, «-»lat l on/transUtio n 

~ =o"-o/r 0 ^r n ^t: and as an eie - ent " 

I" prior art svs . e ' \ U,h P^-"". processor. 

— « .eii.knL: L^r^r is desi9ned 

and then set up dedicated circuit™ T ^'"^ th » standard 

interfaces. signals »1- « .!«.»„.«,„ 

control the flow of data " """'""«'•■"' «« used to 

components. The selection t downstream 
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circuitry as assisted b " C ° ntr01 ° f fi ~ d ^ 

-.icroprocessor. signals coming fron the 

confi^^rCdVw «t?r«7u'„«'ion°.'l ^ inVenCi °" 
°f the control tokens a 10 " al staoes "nd.r the control 

needed and.or alternative^r:: ll^Z^" 

*he tokens provide and make • 
coanunic.ting information throucn the f^^* f ° r 
Pipeline processor m I ^compression circuit 

used in the prefer' / ! "-einafter and 

tne preferred embodiment, each w«^h * 

C f 8 bi-s • ^ ^ rd ° f a toker ' 15 3 

e cks *ide, and a sinale 

" 91e token can extend ever 
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one ofcn^re words. The width of the token is changeable and 
can be selected as any number of bits. An extension bit 
indicates whether a token is extended beyond the current 
word, i.e., if it is set to binary one in all words of a 
token, except the last word of a token, if the first word of 
a token has an extension bit of zero, this indicates that the 
token is only one word long. 

Each token is identified by an address field that starts 
at bit 7 of the first word of the token. The address field 
is variable in length and can potentially extend over 
multiple words. In a preferred embodiment, the address is no 
longer than 8 bits long. However, this is not a limitation 
on the invention, but on the magnitude of the processing 
steps elected to be accomplished by use of these tokens. It 
is to be noted under the extension bit identification label 
that the extension bit in words 1 and 2 is a 1, signifying 
that additional words will be coming thereafter. The 
extension bit in word 3 is a zero, therefore indicating the 
end of that token. 

The token is also capable of variable bit length. For 
example, there are 9 bits in the token word plus the 
extension bit for a total of 10 bits. In the design of the 
present invention, output buses are of variable width. The 
output from the Spatial Decoder is 9 bits wide, or 10 bits 
wide when the extension bit is included. In a preferred 
embodiment, the only token that takes advantage of these 
extra bits is the DATA token; all other tokens ignore this 
extra bit. it should be understood that this is not a 
limitation, but only an implementation. 

Through the use of the DATA token and control token 
configuration, it is possible to vary the length of the data 
being carried by these DATA tokens in the sense of the nuaber 
of bits in one word. For example, it has been discussed that 
data bits in word of a DATA Token can be combined with the 
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dataiits in another word of the same DATA token to for, an 
11 bit or 10 bit address for use in accessing the random 
access memories used throughout this serial decompression 
processor. This provides an additional degree of variability 
that facilitates a broad range of versatility. 

As previously described, the DATA token carries data 
from one processing stage to the next. Consequently the 
characteristics of this token change as it passes through the 
decoder. For example, at the input to the Spatial Decoder 
DATA Tokens carry bit serial coded video data packed into 3 
bit words. Here, there is no limit to the length of each 
token. However, to illustrate the versatility of this aspect 
of the invention (at the output of the Spatial Decoder 
circuit), each DATA Token carries exactly 64 words and each 
" V ° rd 15 9 bitS wide ' Mo " specifically, the standard 
encoding signal allows for different length messages to 
encode different intensities and details of pictures. The 
first picture of a group normally carries the longest nu-be- 
of data bits because it needs to provide the most information 
to the processing unit so that it can start the decompression 
with as much information as possible. Words which follow 
later are typically shorter in length because they contain 
the difference signals comparing the first word with 
reference to the second position on the scan information 
25 field. 

The words are interspersed with each other, as required 
by the standard encoding system, so that variable amounts of 
data are provided into the input of the Spatial Decode- 
However, after the Spatial Decoder has functioned, the 
-0 information is provided at its output at a picture forr.at 
rate suitable for. display on a screen. The output rate in 
terms of time of the spatial decoder may vary in order zo 
interface with various display systems throughout the world, 
such as NTSC, PAL and SECAM. The video formatter converts 
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this variable picture rate to a constant picture rate 
suitable for display. However, the picture data is still 
carried by DATA tokens consisting of 64 words. 

11. DRAM INTERFACE 

A single high performance, configurable DRAM interface 
is used on each of the 3 decoder chips. In general, the DRAM 
interface on each chip is substantially the same; however, 
the interfaces differ from one to another in how they handle 
channel priorities. This interface is designed to directly 
drive the external DRAMs used by the Spatial Decoder, the 
Temporal Decoder and the Video Formatter. Typically, no 
external logic, buffers or components will be required to 
connect the DRAM interface to the DRAMs in those systems. 

In accordance with the present invention, the interface is 
configurable in two ways: 

1. The detailed timing of the interface can be 
configured to accommodate a variety of different 
DRAM types. 

2. The width of the data interface to the DRAM can 
be configured to provide a cost/performance trade 
off for different applications. 

In general, the DRAM interface is a standard-independent 
block implemented on each of the three chips in the system. 
Again, these are the Spatial Decoder, Temporal Decoder and 
video formatter. Referring again to Figures 11, 12 and 13, 
these figures show block diagrams that depict the 
relationship between the DRAM interface, and the remaining 
blocks of the Spatial Decoder, Temporal Decoder and video 
formatter, respectively. on each chip, the DRAM interface 
connects the chip to an external DRAM. External DRAM is used 
because, at present, it is not practical to fabricate on chip 
the relatively large amount of DRAM needed. Note: each chip 
has its own external DRAM and its own DRAM interface. 
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Furthermore, while the DRAM interface i. 

::: ess ::: « ™w JPEG a ; Q ° 

• H °" the DRAM interface is reconfigured for ^,lt< 
stanaard operation will be subsequently further descried 
herein. a 

Accordingly, to understand the operation of the DRAM 
interface requires an understanding of the relationship 
between the DRAM interface and the address generator, and how 
the two communicate using the two wire interface 

in general, as its name implies, the address generator 
generates the addresses the DRAM interface needs in order ^o 
address the DRAM (e.g., to read from or to write to a 
Particular address in DRAM) . with a two-wire interface 
reading and writing only occurs when the DRAM interface has 
both data (from preceding stages in the pipeline), and a 
valid address (from address generator). The use of a 
separate address generator simplifies the construction cf 
both the address generator and the DRAM interface, as 
discussed further below. 

in .he present invention, the DRAM interface can operate 
from a clock which is asynchronous to both the address 
generator and to the clocks of the stages through which data 
is passed. special techniques have been used to handle this 
asynchronous nature of the operation. 

Data is typically transferred between the DRAM interface 
and the rest of the chip in blocks of 64 bytes (tne only 
exception being prediction data in the Temporal Decoder)' 
Transfers take place by means of a device known as a "swing 
buffer". This is essentially a pair of RAMs operated in a 
-cubl.-buff.red configuration, with the DRAM interface 
-x.mg or emptying one RAM while another part of the chip 
enpties or fills the other RAM. A separate bus which carries 
an address from an address generator is associated with each 
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swing buffer. 

In the present invention, each of the chips has four swing 
buffers, but the function of these swing buffers is different 
in each case. In the spatial decoder, one swing buffer is 
used to transfer coded data to the DRAM, another to read 
coded data from the DRAM, the third to transfer tokenized 
data to the DRAM and the fourth to read tokenized data from 
the DRAM. In the Temporal Decoder, however, one swing buffer 
is used to write intra or predicted picture data to the DRAM, 
the second to read intra or predicted data from the DRAM and 
the other two are used to read forward and backward 
prediction data. In the video formatter, one swing buffer is 
used to transfer data to the DRAM and the other three are 
used to read data from the DRAM, one for each of luminance 
(Y) and the red and blue color difference data (Cr and Cb, 
respectively) . 

The following section describes the operation of a 
hypothetical DRAM interface which has one write swing buffer 
and one read swing buffer. Essentially, this is the same as 
the operation of the Spatial Decoder's DRAM interface. The 
operation is illustrated in Figure 23. 

Figure 2 3 illustrates that the control interfaces 
between the address generator 301, the DRAM interface 302, 
and the remaining stages of the chip which pass data are all 
two wire interfaces. The address generator 301 may either 
generate addresses as the result of receiving control tokens, 
or it may merely generate a fixed sequence of addresses 
(e.g., for the FIFO buffers of the Spatial Decoder). The 
DRAM interface treats the two wire interfaces associated with 
the address generator 3 01 in a special way. Instead of 
keeping the accept line high when it is ready to receive an 
address, it waits for the address generator to supply a valid 
address, processes that address and then sets the accept line 
high for one clock period. Thus, it implements a 
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request/acknowledge (REQ/ACK) protocol. 

A unique feature of the DRAM interface 302 is its 
ability to communicate independently with the address 
generator 301 and with the stages that provide or accept the 
data. For example, the address generator may generate an 
address associated with the data in the write swing buffer 
(Figure 24), but no action will be taken until the write 
swing buffer signals that there is a block of data ready to 
be written to the external DRAM. Similarly, the write swing 
buffer may contain a block of data which is ready to be 
written to the external DRAM, but no action is taken until an 
address is supplied on the appropriate bus from the address 
generator 301. Further, once one of the RAMs in the write 
swing buffer has been filled with data, the other may be 
completely filled and "swung" to the DRAM interface side 
before the data input is stalled (the two-wire interface 
accept signal set low) . 

In understanding the operation of the DRAM interface 3 02 
of the present invention, it is important to note that in a 
properly configured system, the DRAM interface will be able 
to transfer data between the swing buffers and the external 
DRAM 3 03 at least as fast as the sum of all the average data 
rates between the swing buffers and the rest of the chip. 

Each dram interface 302 determines which swing buffer it 
will service next, in general, this will either be a "round 
robin" (i.e., the next serviced swing buffer is the next 
available swing buffer which has least recently had a turn), 
or a priority encoder, (i.e., in which some swing buffers 
have a higher priority than others). m both cases, an 
additional request will come from a refresh request generator 
which has a higher priority than all the other requests. The 
refresh request is generated from a refresh counter which can 
be programmed via the microprocessor interface. 

Referring now to Figure 24, there is shown a block 
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diagram of a write swing buffer. The write swing buffer 
interface includes two blocks of RAM, RAMI 311 and RAM2 312. 
As discussed further herein, data is written into RAMI 311 
and RAM2 312 from the previous stage, under the control of 
the write address 313 and control 314. From RAMI 311 and 
RAM2 312, the data is written into DRAM 515. When writing 
data into DRAM 315, the DRAM row address is provided by the 
address generator, and the column address is provided by the 
write address and control, as described further herein. In 
operation, valid data is presented at the input 316 (data 
in) . Typically, the data is received from the previous 
stage. As each piece of data is accepted by the DRAM 
interface, it is written into RAMI 311 and the write address 
control increments the RAMI address to allow the next piece 
of data to be written into RAMI. Data continues to be 
written into RAMI 311 until either there is no more data, or 
RAMI is full. When RAMI 311 is full, the input side gives up 
control and sends a signal to the read side to indicate that 
RAMI is now ready to be read. This signal passes between two 
asynchronous clock regimes and , therefore , passes through 
three synchronizing flip flops. 

Provided RAM2 312 is empty, the next item of data to 
arrive on the input side is written into RAM2 . Otherwise, 
this occurs when RAM2 312 has emptied. When the round robin 
or priority encoder (depending on which is used by the 
particular chip) indicates that it is now the turn of this 
swing buf f er to be read , the DRAM interface reads the 
contents of RAMI 311 and writes them to the external DRAM 
3 15 . A signal is then sent back across the asynchronous 
interface, to indicate that RAMI 311 is now ready to be 
filled again. 

If the DRAM interface empties RAMI 311 and "swings" it 
before the input side has filled RAM2 312 , then data can be 
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Temporal Decoder and the Video Formatter. The Temporal 
Decoder ' s addressing is more complex because of its 
predictive aspects as discussed further in this section. The 
video formatter's addressing is more complex because of 
multiple video output standard aspects, as discussed further 
in the sections relating to the video formatter. 

As mentioned previously, the Temporal Decoder has four 
swing buffers: two are used to read and write decoded intra 
and predicted (I and P) picture data. These operate as 
described above. The other two are used to receive 
prediction data. These buffers are more interesting. 

In general, prediction data will be offset from the 
position of the block being processed as specified in the 
motion vectors in x and y. Thus, the block of data to be 
retrieved will not generally correspond to the block 
boundaries of the data as it was encoded (and written into 
the DRAM) . This is illustrated in Figure 25, where* the 
shaded area represents the block that is being formed whereas 
the dotted outline represents the block from which it is 
being predicted. The address generator converts the address 
specified by the motion vectors to a block offset (a whole 
number of blocks) , as shown by the big arrow, and a pixel 
offset, as shown by the little arrow. 

In the address generator, the frame pointer, base block 
address and vector offset are added to form the address of 
the block to be retrieved from the DRAM. If the pixel offset 
is zero, only one request is generated. If there is an 
offset in either the x or y dimension then two requests are 
generated, i.e., the original block address and the one 
immediately below. With an offset in both x and y, four 
requests are generated. For each block which is to be 
retrieved, the address generator calculates start and stop 
addresses which is best illustrated by an example. 

Consider a pixel offset of (1,1), as illustrated by the 
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shaded area in Figure 26. The address generator makes four 
requests, labelled A through D in the Figure. The problem to 
be solved is how to provide the required sequence of row 
addresses quickly. The solution is to use "start/stop- 
technology, and this is described below. 

Consider block A in Figure 26. Reading must start at 
position (l # i) and end at position (7,7). Assume for the 
moment that one byte is being read at a time (i.e., an 8 bit 
DRAM interface). The x value in the co-ordinate pair forms 
the three LSBs of the address, the y value the three MSB. 
The x and y start values are both 1, providing the address, 
9. Data is read from this address and the x value is 
incremented. The process is repeated until the x value 
reaches its stop value, at which point, the y value is 
incremented by 1 and the x start value is reloaded, giving an 
address of 17. As each byte of data is read, the x value is 
again incremented until.it reaches its stop value. The 
process is repeated until both x and y values have reached 
their stop values. Thus, the address sequence of 9, io, 11, 

12, 13, 14, 15, 17..., 23, 25 31, 33 57, .'.,63 

is generated. 

In a similar manner, the start and stop co-ordinates for 
block B are: (1,0) and (7,0), for block C: (0,1) and (0,7), 
and for block D: (0,0) and (0,0). 
25 The next issue is where this data should be written. 

Clearly, looking at block A, the data read from address 9 
should be written to address 0 in the swing buffer, while the 
data from address 10 should be written to address 1 in the 
swing buffer, and so on. Similarly, the data read from 
address 8 in block B should be written to address 15 in the 
swing buffer and the data from address 16 should be written 
to address 15 in the swing buffer. This function turns out 
to have a very simple implementation, as outlined below. 

Consider block A. At the start of reading, the swing 
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buffer address register is loaded with the inverse of the 
stop value. The y inverse stop value forms the 3 MSBs and 
the x inverse stop value forms the 3 LSB . In this case , 
while the DRAM interface is reading address 9 in the external 
5 DRAM, the swing buffer address is zero. The swing buffer 
address register is then incremented as the external DRAM 
address register is incremented, as consistent with proper 
prediction addressing. 

The discussion so far has centered on an 8 bit DRAM 

10 interface. In the case of a 16 or 32 bit interface, a few 
minor modifications must be made. First, the pixel offset 
vector must be "clipped" so that it points to a 16 or 3 2 bit 
boundary. In the example we have been using, for block A, 
the first DRAM read will point to address 0 , and data in 

15 addresses 0 through 3 will be read. Second, the unwanted 
data must be discarded. This is performed by writing all the 
data into the swing buffer (which must now be physically 
larger than was necessary in the 8 bit case) and reading with 
an offset. When performing MPEG half-pel interpolation, 9 

20 bytes in x and/or y must be read from the DRAM interface. In 
this case, the address generator provides the appropriate 
start and stop addresses. Some additional logic in the DRAM 
interface is used, but there is no fundamental change in the 
way the DRAM interface operates. 

25 The final point to note about the Temporal Decoder DRAM 

interface of the present invention, is that additional 
information must be provided to the prediction filters to 
indicate what processing is required on the data. This 
consists of the following: 

3 0 a "last byte" signal indicating the last byte of a 

transfer (of 64,72 or 81 bytes); 
an H.261 flag; 

a bidirectional prediction flag; 

two bits to indicate the block's dimensions (8 or 9 bytes 
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in x ^nd y) ; and 

a two bit number to indicate the order of the blocks 

The last byte flag can be generated as the data is read 
out of the swing buffer. The other signals are derived fr m 



the address generator and are piped through the DRAM 
interface so that they are associated with the correct bloc* 
of data as it is read out of the swing buffer by the 
prediction filter block. 

in the Video Formatter, data is written into the 
^0 external DRAM in blocks, but is read out in raster order 
wrxting is exactly the same as already described for the 
Spatial Decoder, but reading is a little more complex 

The data in the Video Formatter, external DRAM i s 
organized so that at least 8 blocks of data fit into a single 
» page. These 8 blocks are 8 consecutive horizontal blocks. 
When rasterizing, a bytes need to be read out of each of 3 
consecutive blocks and written into the swing buffer (i.e 
the same row in each of the 8 blocks) . 
^ Considering the top row (and assuming a byte-wide 

- interface), the x address (the three LSBS, is set to zero as 
is the y address (3 MSBS) . The x address is then incremented 
as each of the first 8 bytes are read out. At this point 
the top part of the address (bit 6 and above - lsb = bit 0) 
_ i. incremented and the x address (3 LSBS ) is reset to zero 
= This process is repeated until 64 bytes have been read. With 
a 16 or 32 bit wide interface to the external DRAM the x 
address is merely incremented by two or four, respectively 
instead of by one. ' 

In the present invention, the address generator can 
signal to the DRAM interface that less than 64 bytes should 
be read (this may be required at the beginning or end of a 
raster l ln e) , although a multiple of 8 bytes is always read. 
This ls achieved by using start and stop values. The start 
value is used for the top part of the address (bit 6 ar.d 
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above) , and the stop value is compared with the start value 
to generate the signal which indicates when reading should 
stop. 

The DRAM interface timing block in the present invention 
5 uses timing chains to place the edges of the DRAM signals to 
a precision of a quarter of the system clock period. Two 
quadrature clocks from the phase locked loop are used. These 
are combined to form a notional 2x clock. Any one chain is 
then made from two shift registers in parallel, on opposite 
10 phases of the 2x clock. 

First of all, there is one chain for the page start 
cycle and another for the read/write/refresh cycles. The 
length of each cycle is programmable via the microprocessor 
interface, after which the page start chain has a fixed 
15 length, and the cycle chain's length changes as appropriate 
during a page start. 

On reset, the chains are cleared and a pulse is created. 
The pulse travels along the chains and is directed by the 
state information from the DRAM interface. The pulse 
2 0 generates the DRAM interface clock. Each DRAM interface 
clock period corresponds to one cycle of the DRAM, 
consequently, as the DRAM cycles have different lengths, the 
DRAM interface clock is not at a constant rate. 

Moreover, additional timing chains combine the pulse 
25 from the above chains with the information from the DRAM 
interface to generate the output strobes and enables such as 
notcas, notras, notwe, notbe. 
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12.- PREDICTION FILTERS 

Referring again to Figures 12, 17, 18, and more 
particularly to Figure 12, there is shown a block diagram of 
the Temporal Decoder. This includes the prediction filter. 
The relationship between the prediction filter and the rest 
of the elements of the temporal decoder is shown in greater 
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detail in Figure 17. The essence of the structure of the 
prediction filter is shown in Figures 18 and 28. a detailed 
description of the operation of the prediction filter can be 
found in the section, "More Detailed Description of the 
Invention. " 

In general, the prediction filter in accordance with the 
present invention, is used in the MPEG and H.261 modes, but 
not in the JPEG mode. Recall that in the JPEG mode, the 
Temporal Decoder just passes the data through to the Video 
Formatter, without performing any substantive decoding beyond 
that accomplished by the Spatial Decoder. Referring again to 
Figure 18, in the MPEG mode the forward and backward 
prediction filters are identical and they filter the 
respective MPEG forward and backward prediction blocks. in 
the H.2 61 mode, however, only the forward prediction filter 
is used, since H.2 61 does not use backward prediction. 

Each of the two prediction filters of the present 
invention is substantially the same. Referring again to 
Figures 18 and 28 and more particularly to Figure 28, there 
is shown a block diagram of the structure of a prediction 
filter. Each prediction filter consists of four stages in 
series. Data enters the format stage 331 and is placed in a 
format that can be readily filtered. In the next stage 33 2 
an I-D prediction is performed on the X-coordinate . After 
25 the necessary transposition is performed by a dimension 
buffer stage 333, an I-D prediction is performed on the Y- 
coordinate in stage 334. How the stage perform the filtering 
is further described in greater detail subsequently. Which 
filtering operations are required, are defined by the 
3 0 compression standard. In the case of H.261, the actual 
filtering performed is similar to that of a low pass filter. 

Referring again to Figure 17, multi-standard 
operation requires that the prediction filters be 
reconfigurable to perform either MPEG or H.261 filtering, or 
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to perform no filtering at all in JPEG mode. As with many 
other reconf igurable aspects of the three chip system, the 
prediction filter is reconfigured by means of tokens. Tokens 
are also used to inform the address generator of the 
particular mode of operation. In this way, the address 
generator can supply the prediction filter with the addresses 
of the needed data, which varies significantly between MPEG 
and JPEG. 

13. ACCESSING REGISTERS 

Most registers in the microprocessor interface (MPI) can 
only be modified if the stage with which they are 
associated is stopped. Accordingly, groups of registers 
will typically be associated with an access register. The 
value zero in an access register indicates that the group 
of registers associated with that particular access 
register should not be modified. Writing 1 to an access 
register requests that a stage be stopped. The stage may 
not stop immediately, however, so the stages access 
register will hold the value, zero, until it is stopped. 

Any user software associated with the MPI and used to 
perform functions by way of the MPI should wait "after 
writing a 1 to a request access register" until 1 is read 
from the access register. If a user writes a value to a 
configuration register while its access register is set to 
zero, the results are undefined. 

14. MICRO— PROCESSOR INTERFACE 

A standard byte wide micro-processor interface (MPI) is 
used on all circuits with in the Spatial Decoder and 
Temporal Decoder. The MPI operates asynchronously with 
various Spatial and Temporal Decoder clocks. Referring to 
Table A. 6.1 of the subsequent further detailed description, 
there is shown the various MPI signals that 
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are used on this interface. The character of the signal is 
shown on the input/output column, the signal name is shown 
on the signal name column and a description of the function 
of the signal is shown in the description column. The MPI 
electrical specification are shown with reference to Table 
A. 6. 2. All the specifications are classified according to 
type and there types are shown in the column entitled 
symbol. The description of what these symbols represent is 
shown in the parameter column. The actual specifications 
are shown in the respective columns min, max and units. 

The DC operating conditions can be seen with reference 
to Table A. 6. 3. Here the column headings are the same as 
with reference to Table A. 6. 2. The DC electrical 
characteristics are shown with reference to Table A. 6. 4 and 
carry the same column headings as depicted in Tables A. 6. 2 
and A. 6. 3 . 

15. MPI READ TIMING 

The AC characteristics of the MPI read timing diagrams 
are shown with reference to Figure 54. Each line of the 
Figure is labelled with a corresponding signal name and the 
timing is given in nano-seconds. The full microprocessor 
interface read timing characteristics are shown with 
reference to Table A. 6. 5. The column entitled Number is 
used to indicate the signal corresponding to the name of 
that signal as set forth in the characteristic column. The 
columns identified by MIN and MAX provide the minimum 
length of time that the signal is present the maximum 
amount of time that this signal is available. The Units 
column gives the units of measurement used to describe the 
signals. 



16. MPI WRITE TIMING 

The general description of the MPI write timing diagrams 
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are shown with reference to Figure 54. This Figure shows 
each individual signal name as associated with the MPI 
write timing. The name, the characteristic of the signal, 
and other various physical characteristics are shown with 
reference to Table 6.6. 

17. KEYHOLE ADDRESS LOCATIONS 

In the present invention, certain less frequently 
accessed memory map locations have been placed behind 
keyhole registers. A keyhole register has two registers 
associated with it. The first register is a keyhole 
address register and the second register is a keyhole data 
register. The keyhole address specifies a location within 
a extended address space. A read or a write operation to a 
keyhole data register accesses the locations specified by 
the keyhole address register. After accessing a keyhole 
data register, the associated keyhole address register 
increments. Random access within the extended address 
space is only possible by writing in a new value to the 
keyhole address register for each access. A circuit within 
the present invention may have more than one keyhole memory 
maps. Nonetheless, there is no interaction between the 
different keyholes. 

18. PICTURE-END 

Referring again to Figure 11, there is shown a 
general block diagram of the Spatial Decoder used in the 
present invention. It is through the use of this block 
diagram that the function of PICTURE_END will be described. 
The PICTURE_END function has the multi-standard advantage 
of being able to handle H.2 61 encoded picture information, 
MPEG and JPEG signals. 

As previously described, the system of Figure 11 
is interconnected by the two wire interface previously 
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described. Each of the functional blocks is arranged to 
operate according to the state machine configuration shown 
with reference to Figure 10. 

In general, the P I CTURE_END function in accordance with 
the invention begins at the Start Code Detector which 
generates a PICTURE_END control token. The P I CTURE_END 
control token is passed unaltered through the start-up 
control circuit to the DRAM interface. Here it is used to 
flush out the write swing buffers in. the DRAM interface. 
Recall, that the contents of a swing buffer are only 
written to RAM when the buffer is full. However, a picture 
may end at a point where the buffer is not full, therefore, 
causing the picture data to become stuck. The PICTURE_ENd' 
token forces the data out of the swing buffer. 

Since the present invention is a multi-standard machine, 
the machine operates differently for each compression 
standard. More particularly, the machine is fully 
described as operating pursuant to machine-dependent action 
cycles. For each compression standard, a certain number of 
the total available action cycles can be selected by a 
combination of control tokens and/or output signals from 
the MPU or they can be selected by the design of the 
control tokens themselves. in this regard, the present 
invention is organized so as to delay the information from 
going into subsequent blocks until all of the information 
has been collected in an upstream block. The system waits 
until the data has been prepared for passing to the next 
stage. In this way, the PICTURE_END signal is applied to 
the coded data buffer, and the control portion of the 
P I CTURE_END signal causes the contents of the data buffers 
to be read and applied to the Huffman decoder and video 
demultiplexer circuit. 

Another advantage of the PICTURE_END control token is 
to identify, for the use by the Huffman decoder 
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demultiplexer, the end of picture even though it has not 
had the typically expected full range and/or number of 
signals applied to the Huffman decoder and video 
demultiplexer circuit. m this situation, the information 
held in the coded data buffer is applied to the Huffman 
decoder and video demultiplexer as a total picture. m 
this way, the state machine of the Huffman decoder and 
video demultiplexer can still handle the data according to 
system design. 

Another advantage of the PICTURE_END control token is 
its ability to completely empty the coded data buffer so 
that no stray information will inadvertently remain in the 
off chip DRAM or in the swing buffers. 

Yet another advantage of the P I CTURE_END function is 
its use in error recovery. For example, assume the amount 
of data being held in the coded data buffer is less than is 
typically used for describing the spatial information with 
reference to a single picture. Accordingly, the last 
picture will be held in the data buffer until a full swing 
buffer, but, by definition, the buffer will never fill. At 
some point, the machine will determine that an error 
condition exits. Hence, to the extent that a PICTURE_END 
token is decoded and forces the data in the coded data 
buffers to be applied to the Huffman decoder and video 
demultiplexer, the final picture can be decoded and the 
information emptied from the buffers. Consequently, the 
machine will not go into error recovery mode and will 
successfully continue to process the coded data. 

A still further advantage of the use of a PICTURE_END 
token is that the serial pipeline processor will continue 
the processing of uninterrupted data. Through the use of a 
?ICTURE_END token, the serial pipeline processor is 
configured to handle less than the expected amount of data 
and, therefore, continues processing. Typically, a prior 
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art machine would stop itself because of an error 
condition. As previously described, the coded data buffer 
counts macroblocks as they come into its storage area. m 
addition, the Huffman Decoder and Video Demultiplexer 
generally know the amount of information expected for 
decoding each picture, i.e., the state machine portion of 
the Huffman decode and Video Demultiplexer know the number 
of blocks that it will process during each picture recovery 
cycle. When the correct number of blocks do not arrive 
from the coded data buffer, typically an error recovery 
routine would result. However, with the PICTURE_END 
control token having reconfigured the Huffman Decoder and 
Video Demultiplexer, it can continue to function because, 
the reconfiguration tells the Huffman Decoder and Video 
Demultiplexer that it is, indeed, handling the proper 
amount of information. 

Referring again to Figure 10, the Token Decoder 
portion of the Buffer Manager detects the PICTURE_END 
control token generated by the Start Code Detector. Under 
normal operations, the buffer registers fill up and are 
emptied, as previously described with reference to the 
normal operation of the swing buffers. Again, a swing 
buffer which is partially full of data will not empty until 
it is totally filled and/or it knows that it is time to 
empty. The PICTURE_END control token is decoded in the 
Token Decoder portion of the Buffer Manager, and it forces 
the partially full swing buffer to empty itself into the 
coded data buffer. This is ultimately passed to the 
Huffman Decoder and Video Demultiplexer either directly or 
through the DRAM interface. 

19. FLUSHING OPERATION 

Another advantage of the P I CTURE_END control token is 
its function in connection with a FLUSH token. The FLUSH 
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token is not associated with either controlling the 
reconfiguration of the state machine or in providing data 
for the system. Rather, it completes prior partial signals 
for handling by the machine-dependent state machines. Each 
of the state machines recognizes a FLUSH control token as 
information not to be processed. Accordingly, the FLUSH 
token is used to fill up all of the remaining empty parts 
of the coded data buffers and to allow a full set of 
information to be sent to the Huffman Oecoder and Video 
Demultiplexer. In this way, the FLUSH token is like 
padding for buffers. 

The Token Decoder in the Huffman circuit recognizes 
the FLUSH token and ignores the pseudo data that the FLUSH 
token has forced into it. The Huffman Decoder then operates 
only on the data contents of the last picture buffer as it 
existed prior to the arrival of the PICTURE_END token and 
FLUSH token. A further advantage of the use of the 
P I CTURE_END token alone or in combination with a FLUSH 
token is the reconfiguration and/or reorganization of the 
Huffman Decoder circuit. With the arrival of the 
PICTURE_END token, the Huffman Decoder circuit knows that 
it will have less information than normally expected to 
decode the last picture. The Huffman decode circuit 
finishes processing the information contained in the last 
picture, and outputs this information through the DRAM 
interface into the Inverse Modeller. Upon the 
identification of the last picture, the Huffman Decoder 
goes into its cleanup mode and readjusts for the arrival of 
the next picture information. 
20. FLUSH FUNCTION 

The FLUSH token, in accordance with the present 
invention, is used to pass through the entire pipeline 
processor and to ensure that the buffers are emptied and 
that other circuits are reconfigured to await the arrival 
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of new data. More specifically, the present invention 
comprises a combination of a PICTURE_END token, a padding 
word and a FLUSH token indicating to the serial pipeline 
processor that the picture processing for the current 
picture form is completed. Thereafter, the various state 
machines need reconfiguring to await the arrival of new 
data for new handling. Note also that the FLUSH Token acts 
as a special reset for the system. The FLUSH token resets 
each stage as it passes through, but allows subsequent 
stages to continue processing. This prevents a loss of 
data. In other words, the FLUSH token is a variable reset, 
as opposed to, an absolute reset. 

21. STOP-AFTER PICTURE 

The STOP_AFTER_PlCTURE function is employed to shut 
down the processing of the serial pipeline decompressing 
circuit at a logical point in its operation. At this 
point, a PICTURE_END token is generated indicating that 
data is finished coming in from the data input line, and 
the padding operation has been completed. The padding 
function fills partially empty DATA tokens. A FLUSH token 
is then generated which passes through the serial pipeline 
system and pushes all the information out of the registers 
and forces the registers back into their neutral stand-by 
condition. The STOP_AFTER_PICTURE event is then generated 
and no more input is accepted until either the user or the 
system clears this state. In other words, while a 
PICTURE_END token signals the end of a picture, the 
STOP_AFTER_PICTURE operation signals the end of all current 
processing. 

22. MULTI- STANDARD - SEARCH MODE 

Another feature of the present invention is the use of 
a SEARCH_MODE control token which is used to reconfigure 
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the input to the serial pipeline processor to look at the 
incoming bit stream, when the search mode is set the 
Start Code Detector searches only for a specific start code 
or marker used in any one of the compression standards. it 
will be appreciated, however, that, other images from other 
data bitstreams can be used for this purpose. Accordingly 
these images can be used throughout this present invention 
to change it to another embodiment which is capable of 
using the combination of control tokens, and DATA tokens 
along with the reconfiguration circuits, to provide similar 
processing. 

The use of search mode in the present invention is 
convenient in many situations including 1) if a break in 
the data bit stream occurs; 2) when the user breaks the 
data bit stream by purposely changing channels, e.g., data 
arriving, by a cable carrying compressed digital video; or 
3) by user activation of fast forward or reverse from a 
controllable data source such as an optical disc or video 
disc. m general, a search mode is convenient wben the 
user interrupts the normal processing of the serial 
pipeline at a point where the machine does not expect such 
an interruption. 

When any of the search modes are set, the start Code 
Detector looks for incoming start images which are suitable 
for creating the machine independent tokens. All data 
coming into the Start Code Detector prior to the 
identification of standard-dependent start images is 
discarded as meaningless and the machine stands in an 
idling condition as it waits this information. 

The start Code Detector can assume any one of a number 
of configurations. For example, one of these 
configurations allows a search for a group of pictures or 
higher start codes. This pattern causes the start Code 
Detector to discard all its input and look for the 
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group_start standard image. When such an image is 
identified, the Start Code Detector generates a GROUP_START 
token and the search mode is reset automatically. 

It is important to note that a single circuit, the 
Huffman Decoder and Video Demultiplex circuit, is operating 
with a combination of input signals including the standard- 
independent set-up signals, as well as, the COD I NG_S TAND ARD 
signals. The CODlNG_STANDARD signals are conveying 
information directly from the incoming bit stream as 
required by the Huffman Decoder and Video Demultiplex 
circuit. Nevertheless, while the functioning of the 
Huffman Decoder and Video Demultiplex circuit is under the 
operation of the standard independent sequence of signals. 

This mode of operation has been selected because it 
is the most efficient and could have been designed wherein 
special control tokens are employed for conveying the 
standard-dependent input to the Huffman Decoder and Video 
Demultiplexer instead of conveying the actual signals 
themselves. 

23. INVERSE MODELLER 

Inverse modeling is a feature of all three standards, 
and is the same for all three standards. In general, DATA 
tokens in the token buffer contain information about the 
values of the quantized coefficients, and about the number 
of zeros between the coefficients that are represented (a 
form of run length coding) . The Inverse Modeller of the 
present invention has been adapted for use with tokens and 
simply expands the information about runs of zeros so that 
each DATA Token contains the requisite 64 values. 
Thereafter, the values in the DATA Tokens are quantized 
coefficients which can be used by the Inverse Quantizer. 

24. INVERSE QUANTIZER 
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The Inverse Quantizer of the present invention is a 
required element in the decoding sequence, but has been 
implemented in such away to allow the entire IC set to 
handle multi-standard data. In addition, the Inverse 
Quantizer has been adapted for use with tokens. The 
Inverse Quantizer lies between the Inverse modeller and 
inverse DCT (IDCT) . 

For example, in the present invention, an adder in the 
Inverse Quantizer is used to add a constant to the pel 
decode number before the data moves on to the IDCT. 

The IDCT uses the pel decode number, which will vary 
according to each standard used to encode the information. 
In order for the information to be properly decoded, a 
value of 1024 is added to the decode number by the Inverse 
Quantizer before the data continues on to the IDCT. 

Using adders, already present in the Inverse 
Quantizer, to standardize the data prior to it reaching the 
IDCT, eliminates the need for additional circuitry or 
software in the IC, for handling data compressed by the 
various standards. Other operations allowing for multi- 
standard operation are performed during a "post 
quantization function" and are discussed below. 

The control tokens accompanying the data are decoded 
and the various standardization routines that need to be 
performed by the Inverse Quantizer are identified in detail 
below. These "post quantization" functions are all 
implemented to avoid duplicate circuitry and to allow the 
IC to handle multi-standard encoded data. 

25. HUFFMAN DECODER AND PARSER 

Referring again to Figures 11 and 27, the Spatial 
Decoder includes a Huffman Decoder for decoding the data 
that the various compression standards have Huffman- 
encoded. While each of the standards, JPEG, MPEG and 
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H.261, require certain data to be Huffman encoded, the 
Huffman decoding required by each standard differs in some 
significant ways. in the Spatial Decoder of the present 
invention, rather than design and fabricate three separate 
Huffman decoders, one for each standard, the present 
invention saves valuable die space by identifying common 
aspects of each Huffman Decoder, and fabricating these 
common aspects only once. Moreover, a clever multi-part 
algorithm is used that makes common more aspects of each 
Huffman Decoder common to the other standards as well than 
would otherwise be the case. 

In brief, the Huffman Decoder 321 works in 
conjunction with the other units shown in Figure 27. These 
other units are the Parser State Machine 322, the inshifter 
323, the Index to Data unit 324, the ALU 325, and the Token 
Formatter 326. As described previously, connection between 
these blocks is governed by a two wire interface. A more 
detailed description of how these units function is 
subsequently described herein in greater detail, the focus 
here is on particular aspects of the Huffman Decoder, in 
accordance with the present invention, that support multi- 
standard operation. 

The Parser State Machine of the present invention, is a 
programmable state machine that acts to coordinate the 
operation of the other blocks of the Video Parser. In 
response to data, the Parser State Machine controls the 
other system blocks by generating a control word which is 
passed to the other blocks, side by side with the data, 
upon which this control word acts. Passing the control 
word alongside the associated data is not only useful, it 
is essential, since these blocks are connected via a two- 
wire interface. In this way, both data and control arrive 
at the same time. The passing of the control word is 
indicated in Figure 27 by a control line 3 27 that runs 



beneath the data line 328 that connects the blocks. Among 
other things, this code word identifies the particular 
standard that is being decoded. 

The Huffman decoder 321 also performs certain control 
functions. In particular, the Huffman Decoder 321 contain! 
a state machine that can control certain functions of the 
Index to Data 324 and ALU 325. Control of these units by 
the Huffman Decoder is necessary for proper decoding of 
block-level information. Having the Parser State Machine 
3 22 make these decisions would take too much time. 

An important aspect of the Huffman Decoder of the 
present invention, is the ability to invert the coded data 
bits as they are read into the Huffman Decoder. This is 
needed to decode H.261 style Huffman codes, since the 
particular type of Huffman code used by H.261 (and 
substantially by MPEG) has the opposite polarity then the 
cods.-, used by JPEG. The use of an inverter, thereby, 
allcvs substantially the same table to be used by the 
Huff.- an Decoder for all three standards. Other aspects of 
how tne Huffman Decoder implements all three standards are 
discussed in further detail in the "More Detailed 
Description of the Invention" section. 

The Index to Data unit 324 performs the second part of 
the multi-part algorithm. This unit contains a look up 
table that provides the actual Huffman decoded data. 
Entries in the table are organized based on the index 
numbers generated by the Huffman Decoder. 

The ALU 325 implements the remaining parts of the 
multi-part algorithm. In particular, the ALU handles sign- 
extension. The ALU also includes a register file which 
holds vector predictions and DC predictions, the use of 
which is described in the sections related to prediction 
filters. The ALU, further, includes counters that count 
through the structure of the picture being decoded by the 
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Spatial Decoder. in particular, the dimensions of the 
picture are programmed into registers associated with the 
counters, which facilitates detection of "start of 
picture," and start of macroblock codes. 

In accordance with the present invention, the Token 
Formatter 32 6 (TF) assembles decoded data into DATA tokens 
that are then passed onto the remaining stages or blocks in 
the Spatial Decoder. 

In the present invention, the in shifter 323 receives 
data from a FIFO that buffers the data passing through the 
Start Code Detector. The data received by the inshifter is 
generally of two types: DATA tokens, and start codes which 
the Start Code Detector has replaced with their respective 
tokens, as discussed further in the token section. Note 
that most of the data will be DATA tokens that require 
decoding. 

The In shifter 323 serially passes data to the Huffman 
Decoder 321. On the other hand, it passes control tokens 
in parallel. In the Huffman decoder, the Huffman encoded 
data is decoded in accordance with the first part of the 
multi-part algorithm. In particular, the particular 
Huffman code is identified, and then replaced with an index 
number. 

The Huffman Decoder 321 also identifies certain data 
that requires special handling by the other blocks shown in 
Figure 27. This data includes end of block and escape. In 
the present invention, time is saved by detecting these in 
the Huffman Decoder 321, rather than in the Index to Data 
unit 324 . 

This index number is then passed to the Index tc Data 
unit 324. In essence, the Index to Data unit is a look-up 
table. In accordance with one aspect of the algorithm, the 
look-up table is little more than the Huffman code table 
specified by JPEG. Generally, it is in the condensed data 
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format that JPEG specifies for transferring an alternate 
JPEG table. 

From the Index to Data unit 324, the decoded index 
number or other data is passed, together with the 
5 accompanying control word, to the ALU 325, which performs 
the operations previously described. 

From the ALU 325, the data and control word is passed 
to the Token Formatter 326 (TF) . In the Token Formatter, 
the data is combined as needed with the control word to 
10 form tokens. The tokens are then conveyed to the next 

stages of the Spatial Decoder. Note that at this point, 
there are as many tokens as will be used by the system. 

26. INVERSE DISCRETE C08INE TRANSFORM 

The Inverse Discrete Cosine Transform (IDCT) , in 
15 accordance with the present invention, decompresses data 
related to the frequency of the DC component of the 
picture. When a particular picture is being compressed, 
the frequency of the light in the picture is quantized, 
reducing the overall amount of information needed to be 
20 stored. The IDCT takes this quantized data and 
decompresses it back into frequency information. 

The IDCT operates on a portion of the picture which is 
8x8 pixels in size. The math which performed on this data 
is largely governed by the particular standard used to 

2 5 encode the data. However, in the present invention, 

significant use is made of common mathematical functions 
between the standards to avoid unnecessary duplication of 
circuitry. 

Using a particular scaling order, the symmetry between 

3 0 the upper and lower portions of the algorithms is 

increased, thus common mathematical functions can be reused 
which eliminates the need for additional circuitry. 
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The,lDCT responds to a number of multi-standard tokens 
The first portion of the IDCT checks the entering data to 
ensure that the DATA tokens are of the correct size for 
processing. In fact, the token stream can be corrected 
some situations if the error is not too large. 
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27. BUFFER MANAGER 

The Buffer Manager of the present invention, receives 
incoming video information and supplies the address 
generators with information on the timing of the datas 
arrival, display and frame rate. Multiple buffers are used 
to allow changes in both the presentation and display 
rates. Presentation and display rates will typically vary 
in accordance with the data that was encoded and the 
monitor on which the information is being displayed. Data 
arrival rates will generally vary according to errors in 
encoding, decoding or the source material used to create 
the data. When information arrives at the Buffer Manage- 
it is decompressed. However, the data is in an order that 
is useful for the decompression circuits, but not for the 
particular display unit being used. When a block of data 
enters the Buffer Manager, the Buffer Manager supplies 
information to the address generator so that the block of 
data can be placed in the order that the display device can 
use. m doing this, the Buffer Manager takes into account 
the frame rate conversion necessary to adjust the incoming 
data blocks so they are presentable on the particular 
display device being used. 

in the present invention, the Buffer Mnager primarily 
supplies information to the address generators. 
Nevertheless, it is also required to interface with other 
elements of the system. For example, there is an interface 
with an input FIFO which transfers tokens to the Buffer 
Manager which, in turn, passes these tokens on to the write 
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addre*£ generators. 

The Buffer Manager also interfaces with the display 
address generators, receiving information on whether the 
display device is ready to display new data. The Buffer 
Manager also confirms that the display address generators 
have cleared information from a buffer for display. 

The Buffer Manager of the present invention keeps track 
of whether a particular buffer is empty, full, ready for 
use or in use. It also keeps track of the presentation 
number associated with the particular data in each buffer 
In this way, the Buffer Manager determines the states of 
the buffers, in part, by making only one buffer at a time 
ready for display. Once a buffer is displayed, the buffer 
is in a "vacant" state. When the Buffer Manager receives a 
PI CTURE_START , FLUSH, valid or access token, it determines 
the status of each buffer and its readiness to accept new 
data. For example, the PICTURE_START token causes the 
Buffer Manager to cycle through each buffer to find one 
which is capable of accepting the new data. 

The Buffer Manager can also be configured to handle the 
multi-standard requirements dictated by the tokens it 
receives. For example, in the H.261 standard, data maybe 
skipped during display. if sucn a token arrives at tne 
_ Buffer Mnager, the data to be skipped will be flushed from 
2o the buffer in which it is stored. 

Thus, by managing the buffers, data can be effectively 
displayed according to the compression standard used to 
encode the data, the rate at which the data is decoded and 
the particular type of display device being used. 
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The foregoing description is believed to 
adequately describe the overall concepts, system 
implementation and operation of the various aspects of the 
invention in sufficient detail to enable one of ordinary 
skill in the art to make and practice the invention with 
all of its attendant features, objects and advantages. 
However, in order to facilitate a further, more detailed in 
depth understanding of the invention, and additional 
details in connection with even more specific, commercial 
implementation of various embodiments of the invention, the 
following further description and explanation is preferred. 
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This is a more detailed description for a multi-standard 
video decoder chip-set. it is divided into three main 
sections: A, B and C. 

Again, for purposes of organization, clarity and 
convenience of explanation, this additional disclosure is 
set forth in the following sections. 

•Description of features common to chips in the 

chip-set: 

• Tokens 

• Two wire interfaces 

• DRAM interface 

• Microprocessor interface 

• Clocks 

•Description of the Spatial Decoder chip 
•Description of the Temporal Decoder chip 
SECTION A.1 

The first description section covers the majority of 
the electrical design issues associated with using the 
chip-set. 

A. l.i Typographic conventions 

A small set of typographic conventions is used to 
emphasize some classes of information: 
NAMES_OF_TOKENS 
wire_name active high signal 
wire_name active low signal 
register_name 



SECTION A. 2 Video Decoder Family. 

30 MHz operation 
Decodes MPEG, JPEG & H.261 
Coded data rates to 25 Mb/s 
Video data rates to 21 MB/s 

MPEG resolutions up to 704 x 480, 30 Hz, 4:2:0 
Flexible chroma sampling formats 
Full JPEG baseline decoding 
Glue-less page mode DRAM interface 
208 pin PQFP package 

Independent coded data and decoder clocks 
Re-orders MPEG picture sequence 
The Video decoder family provides a low chip count 
solution for implementing high resolution digital video 
decoders. The chip-set is currently configurable to 
support three different video and picture coding systems: 
JPEG, MPEG and H.261. 

Full JPEG baseline picture decoding is supported. 
720 x 430, 30 Hz, 4:2:2 JPEG encoded video can be decoded 
in real-rime. 

CIF (Common Interchange Format) and QCIF H.261 video can 
be decoded. Full feature MPEG video with formats up to 740 
x 430, 30 Hz, 4:2:0 can be decoded. 

Note: The above values are merely illustrative, by way 
of example and not necessarily by way of limitation, of one 
embodiment of the present invention. Accordingly, it will 
be appreciated that other values and/or ranges may be used. 

A. 2.1 System configurations 
A. 2. l.i output formatting 

In each of the examples given below, some form of output 
formatter will be required to take the data presented at 
the output of the Spatial Decoder or Temporal Decoder and 
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re-fonr.au it for a computer or display system. The details 
of this formatting will vary between applications. m a 
simple case, all that is required is an address generator 
to take the block formatted data output by the decoder chip 
and write it into memory in a raster order. 

The Image Formatter is a single chip VLSI device 
providing a wide range of output formatting functions. 
A. 2. 1.2 jpeg still picture decoding 

A single Spatial Decoder, with no-off-chip DRAM, can 
rapidly decode baseline JPEG images. The Spatial Decoder 
will support all features of baseline JPEG. However, the 
image size that can be decoded may be limited by the size 
of the output buffer provided by the user. The 
characteristics of the output formatter may limit the 
chroma sampling formats and color spaces that can be 
supported . 

A. 2. 1.3 JPEG video decoding 

Adding off-chip DRAMs to the Spatial Decoder allows it 
to decode JPEG encoded video pictures in real-time. The 
size and speed of the required buffers will depend on the 
video and coded data rates. The Temporal Decoder is not 
required to decode JPEG encoded video. However, if a 
Temporal Decoder is present in a multi-standard 'decoder 
chip-set, it will merely pass the data through the Temporal 
Decoder without alteration or modification when the system 
is configured for JPEG operation. 
A. 2. 1.4 H.261 decoding 

The Spatial Decoder and the Temporal Decoder are both 
required to implement an H.261 video decoder. The DRAM 
interfaces on both devices are configurable to allow the 
quantity of DRAM required for proper operation to be 
reduced when working with small picture formats and at low 
coded data rates. Typically, a single 4Mb (e.g. 512k x 3) 
DRAM will be required by each of the Spatial Decoder and 
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the T#mp«ral Decoder. 
A. 2. 1.5 MPEG decoding 

The configuration required for MPEG operation is the 
sane as for H.261. However, as will be appreciated by one 
of ordinary skill in the art, larger DRAM buffers may be 
required to support the larger picture formats possible 
with MPEG. 



159 



SECTION A.3 Tokens 
A. 3.1 Token format 

in accordance with the present invention, tokens provide 
an extensible format for communicating information through 
the decoder chip-set. while in the present invention, each 
word of a Token is a minimum of 8 bits wide, one of 
ordinary skill in the art will appreciate that tokens can 
be of any width. Furthermore, a single Token can be spread 
over one or more words; this is accomplished using an 
extension bit in each word. The formats for the tokens are 
summarized in Table A. 3.1. 

The extension bit indicates whether a Token continues 
mto another word. it is set to 1 in all words of a Token 
except the last one. if the first word of a Token has an 
extension bit of 0, this indicates that the Token is only 
one word long. 

Each Token is identified by an Address Field that starts 
xn bit 7 of the first word of the Token. The Address Field 
is of variable length and can potentially extend over 
multiple words (in the current chips no address is more 
than 8 bits long, however, one of ordinary skill in the art 
wm again appreciate that addresses can be of any length) . 

Some interfaces transfer more than 8 bits of data. For 
example, the output of the Spatial Decoder is 9 bits wide 
(10 bits including the extension bit). The only Token that 
takes advantage of these extra bits is the DATA Token. The 
DATA Token can have as many bits as are necessary for 
carrying out processing at a particular place in the 
system. All other Tokens ignore the extra bits. 
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A.3.2 *rhfe DATA Token 

The DATA Token carries data from one processing stage to 
the next. Consequently, the characteristics of this Token 
change as it passes through the decoder. Furthermore, the 
meaning of the data carried by the DATA Token varies 
depending on where the DATA Token is within the system, 
i.e., the data is position dependent. In this regard, the 
data may be either frequency domain or Pel domain data 
depending on where the DATA Token is within the Spatial 
Decoder. For example, at the input of the Spatial Decoder, 
DATA Tokens carry bit serial coded video data packed into 8 
bit words. At this point, there is no limit to the length 
of each Token. In contrast, however, at the output of the 
Spatial Decoder each DATA Token carries exactly 64 words 
and each word is 9 bits wide. 
A. 3. 3 Using Token formatted data 

In so.T.e applications, it may be necessary for the 
circuitry that connect directly to the input or output of 
the Decoder or chip set. m most cases it will be 
sufficient to collect DATA Tokens and to detect a few 
Tokens that provide synchronization information (such as 
PICTURE.START) . In this regard, see subsequent sections 
A. 16, "Connecting to the output of Spatial Decoder", and 
A. 19, "Connecting to the output of the Temporal Decoder". 

As discussed above, it is sufficient to observe activity 
on the extension bit to identify when each new Token 
starts. Again, the extension bit signals the last word of 
the current token. m addition, the Address field can be 
tested to identify the Token. Unwanted or unrecognized 
Tokens can be consumed (and discarded) without knowledge of 
tneir content. However, a recognized token causes an 
appropriate action to occur. 
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Furthermore, the data input to' the Spatial Decoder 
either be supplied as bytes of coded data, or in DATA 
Tokens (see Section A. 10, "Coded data input"). Supplying 
Tokens via the coded data port or via the microprocessor 
interface allows many of the features of the decoder chip 
set to be configured from the data stream. This provides 
an alternative to doing the configuration via the micro 
processor interface. 
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Table A.3.1 Summary of Tokens 



°i °j Op I l| ij Q| 0 
0 j 0 ' 



USER.DATA 



DHT.MAHKER 



0 1 , Ho 



DQT.MARKER 



0 ! 0 | 0 j 1 j 1 | , j , I o 


(reserved) ONL_MARKER | 


oi o; oj i | i | 1 | , | , 


(reserved) DRI.MARKER | '~ 


' i i j 1 j 0 j 1 j 0 j 0 I 0 


(reserved) j 


1 ! 1 ! 1 ! 0 j 1 j 0 | 0 j 1 


(reserved) | 


1 i 1 i 1 i 0 j 1 j 0 j 1 j 0 


(reserved) j 


1 1 1 i i j o j i j oj i j i 


(reserved) 




i ! 1 j i i o j 1 j 1 o i o 


BIT.RATE 




1 ? 1 ; 1 j o j 1 1 1 j o i 1 


VBV_BUFFER_SI2E 




' ! ' ; i i o j 1 j 1 1 i j o 


VBV.DELAY 




1 M ! 1 I 0 j 1 { i j 1 j 1 1 

1 t' 1' lloinin.it 
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Table A. 3.1 summary of Tokens (contd) 
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A. 3. 4 Description of Tokens 

This section documents the Tokens which are implemented 
in the Spatial Decoder and the Temporal Decoder chips in 
accordance with the present invention; see Table A. 3. 2. 

Note : 

• »r« signifies bits that are currently reserved and carry 
the value o 

.unless indicated all integers are unsigned 




Carries me MPEG tm rate parameter r. Genera:ec 5y .. e „ u . 
decoaer when decoding an mp=g emi-earn. 




Ccmmun.cates me relationship between a component 10 a « c 
component name. See also ... 

c • 2 bit component ID 
n * 8 bit component "name" 




c - carries *e consrra,ned^parame :e rs.nag decoded from an 
MPEG bitstream. 



Table A. 3. 2 Tokens implemented in the Spatial 
Decoder and Temporal Decoder (Sheet l of 9) 



1 ?! d i * ^ o| d j d: dj d! d 



DATA 

Carries caia through the decoder chip-set. 
c • a 2 bit integer component id (see A.3.5. i 




f j f ; M r I r j r j h j h 



r ; r : r 

i ! 
i 

! ; 



r j , , , 

i i 

I 

! 



v ; v 



Max. Horizontal and Vertical sampling numoers. These descry 
the maximum number of blocks horizon tally/Verrcaliy in any 
component of a macroblock. See A.3.5.2 




DHT.MARKER 

This Token informs the Video Oemux that the DATA Token -a: 
follows contains the specification of a Huffman :abie d esc re- 
using the JPEG -define Huffman table segment- syntax Th, s T C *en 
is only valid when the coding standard is configured as JPEG. 
This Token is generated by the stan code detecrcr during JPEG 
decoding when a DHT marker has been encountered in the data 
stream. 



Table A. 3. 2 Tokens implemented in the Spatial 
Decoder and Temporal Decoder (Sheet 2 of 9) 



This Token .nforms the Vioeo Oemux ;n at ;„e DATA TcKer. :.-. a : 
follows contains me JPEG pa/ameter nl wn.cn soecrfies :n e 
number of lines in a frame. 

This Token is generated by the start cooe detector cuwg j=r- 
decoding when a DNL marker has been encountered in -he =a:a 
stream. 

DQT.MARKER 




This Token informs the Video Oemux that the DATA Token tr.at 
follows contains the specification of a quantisation table descried 
using the JPEG -define quantisation table segment* syntax. This 
Token is only valid when the coding standard is configured as 
JPEG. The Video Oemux generates a QUANT_TABLE Tz*er. 
containing the new quantisation table information. 
This Token is generated by the Stan code detector durng jp=3 
decoding when a DOT marker has been encountered .n the =aa 



stream. 



0 0 I 1 j 1 i 1 : i ; i 



DRI_MARKER 

This Token informs the Video Oemux mat the DATA Token -.-.at 
follows contains the JPEG parameter Ri which spec.fie* the 
number of minimum coding units between restart markers. 
This Token is generated by the start code detector during JPEG 
decodmg when a DRl marker has been encountered in tne ca:a 
stream. 



Table A. 3.2 Tokens implemented in the Spatial 
Decoder and Temporal Decoder (Sheet 3 of 9) 
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EXTENSION.DATA jpeg 
This Token informs the Video Demux that ;ne DATA Token :hat 
follows contains extension data. See A.u .3. "Converse cf start 
codes to Tokens', and A. 14.6, "Recervng user and 

Extension data". 

During JPEG operation the 8 bit field V carries the JPEG marker 
value^rhis aJiows the class of extension data to be identified. 



0 j 0 



01 v 



1 i 0 j 1 ; 0 

i 



f 



EXTENSION.DATA MPEG ~~~ 

This Token informs the Video Oemux that the DATA Token that 
follows contains extension data. See A.1 1 .3. •Conversi. 



codes to Tokens*, 
Extension data". 



on of start 



and A. 14.6, "Receiving User and 
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FIELDJNFO " 

Carries information about the picture following to aid its dismay. 
This function is not signaled by any existing coding standard. 

t • if the picture is an interlaced frame this bit indicates if the upper 
field is first (t*0) or second. 

P • if pictures are fields this indicates if the next picture is upper 
(p-O) or lower in the frame. 

f - a 3 bit number indicating position of the field in the 8 field PAL 
seauence. 



0 0 | 0 



1 i 1 



FLUSH - 

Used to indicate the eno of the current coded data and to pusn t.c 
end of the data stream through me decoder. 



0j 0j 0 



1 : 0 ; 0 i 0 I i 



GROUP_START 

Generated when the group of pictures start code is founo wr.en 
decoding MPEG or the frame marker is found wnen decoding 
JPEG. 



Table A.3.2 Tokens implemented in the Spatial Decoder and Temporal Decoder (Sheet 4 
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HORIZONTAL. 

- ■ a .3 «. number inteser ino , caong ^ hw Mnta) ^ o( ^ 
P«tw in macroblocks. 



h j "j h | n j "| "j "I " 




h ' 16 nUm6er ^ ***** ■» hor*on« ( width or the 

Hi,: .,„;„■ ' f PiC ' Uf « ™s can b,,,,. in(egef vaJye 

MM; 'I0!0| ilOidc JPPft t. b , f ■ 

l r . - i . ; _ i I . . -J 

in/orms the inverse quantiser wh,^ „ 

quannser which quannsauon table to use cn 

the specified colour component 
c • 2 bit component ID (see A.3.5. 1 
t - 2 bit integer t able number. 
MAX.COMPJD 

- - 2 bit integer indicating the rna*mum vaiue or componenr !0 
{ — A ' 3 - 5 - 1 ) that win be used in the nexi o^re. 



Configures wn,ch DC coefficent Hu^man Mli sh0ufd be usec fer 
colour component cc. 

c - 2 bit component ID (see A.3.5. 1 




t • 2 Pit integer tabl e number. 

mpeg_table_select" 

•nrorm, «h. inverse QU an,iser wfte(hef (<) ^ ^ ^ ^ ^ 

QUan,iSa " 0n «*- * -tra or non.n,,, inferrnatIon . 
n-0 indicates^ information., non ., mra 
d-Oindicateadefauittabie. 1 user defined. 



Table A. 3. 2 Tokens implement--* • 



Carries one component (either vertical or horizontal) of the 
backwares motion vector. 

d - 0 indicates x component. 1 the y component 
v • 12 bit two's complement number. The LS3 proves half p.xei 




Carries one component (either vertical or horizontal) of the 
forwards motion vector. 

d ■ 0 indicates x component. 1 the y component 
v • 12 bit twos complement number. The LS3 provices hatf pixel 




!; 1 M M I ' | o j o | o 



°ii ! ! ' \ ' i ' 

II : I I 



p I p 



PEL_ASPECT 

P' a4 W integer as defined by MPEG. 




Table A * 3 - 2 Vokm lamen ted in the Spatial 
Decoder and Temporal Decoder (sheet 6 of 9, 
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E 


7 j 6^5 j-* | 3 J 2 j 1 j o| Descnouon 


1 


1 ! 1 1 1 j o | 1 ; 1 j 1 t 1 


PICTURE.TYPEmpeg 


0 

j 


f 


: f 

\ 
1 


; r 

i 

! 
i 
i 

i 

i 

i 


j r 

i 
| 

| 


1 r 

i 


r 

i 


: p | p 

j | 

i 
i 

1 
i 

! 

i 1 

! 1 

i ! 


0 • 2 2 bit tntPAPr inrticntifip fh* m^fiirA *■» h • n i ~ _ _ . 
** « fc w»i "tiicyc itiyiuauii^ it iq Mi(.iU'c CwUi'<y type Oi in© D'CtUTG 

mat follows: 

0 - Intra 

1 * Predicted 

2 • Bidirectionally Predicted 

3 - DC Intra 


1 


1 ; 1 i 1 j o i 1 i 1 1 i i 1 


PICTURE_TYPEh.261 j 

I 
i 

Indicates various H.261 options are on (1) or off (0). These options • 
are always off for MPEG and JPEG: 
s • Split Screen Indicator 
d - Document Camera 
f ■ Freeze Picture Release 

i 

Source picture format: 
q = 0 - QCIF 
q « 1 . CIF 


1 


r | r j r j r 


r 1 r ! o i i 


0 


r 


r 


s 


! d 


f 


q 


1 


i 1 

i 

! 

i 
! 

I 

i 


0 


0 : 1 f 0 

i I 

! i 

i ! 
i 

! 

' i 

; 1 l 

! i 

! ! 1 

i ! i 
i i 

! 1 

t i 


h 


y 


X 

! 

| 
i 

i 

i 
i 

1 

! 

! 


b 


f 


PREDICTION.MODE 

A set of flag bits that indicate the prediction mode for the 
macroblocks that follow: 
f • forward prediction 

b - backward prediction j 

! 

x • reset forward vector predictor 
y * reset backward vector predictor 
h • enable H.261 loco filter 


0 


° ! °; 1 j »i 

• i | 

! i 1 

i ; 1 


s 


3 ! S 

1 


s 


QUANT.SCALE j 

informs the inverse quantiser of a new scale factor 

s - 5 bit integer m range 1 ... 31. The value 0 is reserved. 



Table A.3.2 Tokens implemented in the Spatial Decoder and Temporal Decoder (Sheet 7 
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e|j 7 : 6 ; 5 j 4 


j 3 | 2 j 1 j 0 


Description 


1 jj 0 I 0 i 0 | 0 j 1 | r | t | | 


QUANT.TABLE 


1 


!cqQqjq;qig;q 






Loacs Tie ssecified inverse Quantiser tasle with 64 a s,: -j-s^rec 


0 


Q;Q;q:q|q!qiq,q 

Mill! 


inictjers. ' no Values arc in &!g*£a3 u'Cer. 

t • 2 bit integer soecrfying the inverse cuarttser :acie :z oe icared. 


0 


0 t 0 j 0 

1 

! i 

1 ! 

1 1 

! i 
! i 

; t 


1 


0 


i 


Ol 0 

i 

! 

! 


The MPEG seouence_end_code and the JPEG ECl marKer sause 
this Token to be generated. 


0 


0 ; 0 ; 0 

; ! 

i i 


1 j 0 | 0 ' 0 : 0 

< I i i 

ill! 


SEQUENCE.START 

i 

j 

Generated by the MPSG-seouence_s:an start code. i 


1 


o!o|o!ijo|o;i;i 


SLICE.START 

Corresponds to the MPEG stice.stan. the H.261 GCB ard the 
JPEG resync interval. The interpretation of 8 bit integer "s" r^e.'s 
between coding standards: - 

MPEG • Slice Vertical Position - i. 
H.261 • Group of Blocks Number - r 

JPEG • resychronisation interval identification (4 LSBs only). ; 


0 


s j s j s ! s 

i ! i 

i ! i 

! i i 

1 i i 
' ! ! 

• ; t 

i i ! 
1 ! 1 

; ! | 

' >! ! 


s 


S , S ; S 

I ! 
j j 

; i 

! 1 

i i 

j ; 

i i 

! j 

j ! 


1 


i : ijojito|o|iit 


TEMPORAL.REFERENCE 

| 

t • carries the temporal reference. For MPEG this is a 10 bit integer, i 

i 

For H.2S1 only the 5 LSBs are used, the MSBs will always oe zero. ' 


0 


i ; t i t j t 

; i i 

' ! ! 


t 


t 


t 


t 


.1 


i;i!ljOjOjliojd 


TIME.CODE 

The MPEG time.code: 

d - Drop frame flag , 
h - 5 bit integer specifying hours 
m • 6 bit integer specifying minutes 
s • 6 bit integer specifying seconds 
p - 6 bit integer specifying pictures 


1 


r!Mr|h|hih|hjh 


1 


r ' r i mi mi m; nv m m 

1 . i 


1 


r!rjslsis|$js:$ 


0 


f l' |PjP 

! t 

: m ! 

Mi! 

: ! ; | 


p 

i 

t 

i 


P j P i P 

1 ! 

! i 

1 = 
1 i 
1 , 

j ! 



Table A.3,2 Tokens implemented in the Spatial Decoder and Temporal Decoder (Sheet S of 



173 



j , 

! E W 7 .' 6 : 5 4 . 3 ; 2 ' 1 0 j 

j 1 'j °- °" 0 1 : 1 • o-i 1 j USEFLDATA JPEG 



j 

i 

| 

i 

i 

1 

i 

j 


■> * V V I V j V 

! ■ ! ! 

i i 
i I 

i ; 

!, ' 

i f 

i r 

1 i i , 


V V 

! 


V \ 


i 

This Token informs the Video Demux --a; :- s DATA - Z Ken t 

follows contains user data. See A. : : .3 -c --vo, S; < * 

to Tokens', and A.: 4.6. -.aece:v.n 5 L'ser arc 
Extension data". 

Owing JPEG operation the S bit field V zarr.es the -?£-3 - a r<ar 
| vatue. This allows :he ciass 0/ user da;a :c te icer.ur.ec 


: 0 

t 

1 

t 

! 1 
t ' 

j 1 


0 0 ■ 0 1 1 1 0.1.1 

1 , ■ 1 , 

J 

i ■ : . ; \ ■ : 


USER_DATA MPEG 

This Token informs the Video Oemux mat :r. e DATA 7c* e n -a: 
follows contains user data. See a. 1 1 .3. -Conversion of s:an ccces 
to Tokens*, and A.14.6. -flecer.-rg tser ara 
Extension data", 


1 1! 1 1 1 H o| 1 


1 


0 t 1 


VBV BUFFER SIZF 

s - a 10 bit integer as defined by MPEG. 


• | ' r \ t \ t r j r s s 


oil s s ! s i s j s 


s I s s 


: '! 1 ■ ! 1 ! o j 1 | 1 j i , o j 


VBV_DELAY 

b - a 16 bit integer as defined by MPEG. 


1 !! & b | & | b j b 


b | b : b j 


0 ji & b i b j b b 


b | b ! b 


1 ;j 1 1 : i i 1 j 1 I 1 i 0 ; i 


VERTICAL.MBS 

i 

f 

v . a 13 bft integer indicating the vertical size of :he ^crure n i 
macro bloc Ks. 


1 JI ' r \ r : v j v j v ; v ' v 


0 


v , v: v! vj v| v, vi v 

: : : 1 ! i i 


1 i! 


1 1 - 1 : 1 j 0 ! 0 i 1 , 1 


VERTICAL.SI2E 

v - a 16 btt mteger indicating :he vertical size =f :>.e sicrjre r. -xe$. 
This can be any integer vaJue. 


M 


V ' V i V ; V j V j V i V ' V 


0 


v v v v ; v ; 


V V V 

) * 


Table A. 3. 2 Tokens implemented in the Spatial 



Decoder and Temporal Decoder (Sheet 9 of 9) 
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A. 3. 5 numbers signalled in Tokens 

A. 3. s.i component Identification number 

In accordance with the present invention th. n 
ID number is a 2 h<t invention, the Component 

This 2 bit field ^V ntSger -P~«yi»g a color component, 
ms bit field is typically located as part of the HeadP , 

Z 7orT ± TbT ^ H ' 261 ^ "latLnsh p I 

set forth m Table A. 3 . 3 . 




Luminance (Y) 



Blue difference signal (Cb/U) 



Red difference signal (Cr / V) 



Never used 



A. 3. 3 component id for MPEG and H.2 61 
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10 



With JPEG the situation is more complex as JPEG does not 
lx.it the color components that can be used. The decoder 
chips permit up to 4 different color components in each 
scan. The IDs are allocated sequentially as the 
specification of color components arrive at the decoder. 
A. 3. 5. 2 Horiaontal and Vertical sampling numbers 

For each of the 4 color components, there is a 
specification for the number of blocks arranged 
horizontally and vertically in a macroblock. This 
specification comprises a two bit integer which is one less 
than the number of blocks. 

For example, in MPEG (or H.261) with 4:2:0 chroma 
sampling (Figure 36) and component IDs allocated as per 
Table A. 3. 4. 





Horizontal 




Vertical 




Component ID 


sampling 


Width in blocks 


sampling 


Height in blocks 




number 




number 




0 


1 


2 


1 


2 


1 


0 


1 


0 


1 


2 


0 


1 


0 


1 


3 


Not used 


Not used 


Not used 


Not used 



15 



A. 3. 4 Sampling numbers for 4:2:o/MPEG 
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With JPEG and 4:2:2 chroma sampling (allocation of 
component to component ID will vary between applications. 
See A* 3 • 5 • 1 • Note: JPEG requires a 2:1:1 structure for its 
macroblocks when processing 4:2:2 data. See Table A. 3 . 5 . 





Horizontal 




Vertical 




Component ID 


sampling 


Width in blocks 


sampling 


Height in blocks 




number 




number 




Y 


1 


2 


0 


1 


U 


0 


1 


0 


1 


1 V 


0 


1 


0 


1 



5 



Table A. 3. 5 Sampling numbers for 4:2:2 JPEG 
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A.3.6«p»ciai Token formats 

In accordance with the present invention, tokens such as 
the DATA Token and the QUANT_TABLE Token are used in their 
"extended form" within the decoder chip-set. in the 
extended form the Token includes some data. In the case of 
DATA Tokens, they can contain coded data or pixel data. i n 
the case of QUANT_TABLE tokens, they contain quantizer 
table information. 

Furthermore, "non-extended form" of these Tokens is 
defined in the present invention as "empty". This Token 
format provides a place in the Token stream that can be 
subsequently filled by an extended version of the same 
Token. This format is mainly applicable to encoders and, 
therefore, it is not documented further here. 



j Token Name 


MPEG 


JPEG 


H.261 


! B1T_RATE 


f 


j BROKEN_CLOSED 


✓ j 


1 

1 


j CODING.STANDARD 




i - 


1 ' 


| COMPONENT_NAME 


1 ' \ 


j CONSTRAINED 




i 


i DATA 


s 




✓ i 


DEFINE_MAX_SAMPLING 


s 






DEFINE.SAMPLING 






' \ 


DHT.MARKER 


1 ✓ 




DNL_MARKER 




' 1 


DQT.MARKER 


1 ' 


i 


DRI_MARKER 




' j 



Table A. 3. 6 tokens for different standards 
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^ Token Name 


mpeg 




H^61 


EXTENSION.DATA 


✓ 


' 1 


FIELDJNFO 




! 


FLUSH 




' i - 


GROUP_START 








HORIZONTAL.MBS 


' \ ' 




HORIZONTAL.SIZE 


V / 


i ' i 


JPEG_TABLE_SELECT 


/ 


I i 


I MAX COMP ID 

t ~ 




i ' 


MPEG_DCH_TABLE 


✓ 






| MPEG_TABLE_SELECT 


✓ 




MVD.BACKWARDS 


i 


MVD.FORWARDS 


✓ 1 ✓ 


NULL 




PEL_ASPECT 


! i 


PICTURE.END 


S 


' ! ' 


PICTURE.RATE 


s 


1 ! 


j PICTURE_START 


✓ 


' ! ' ! 


j P1CTURE.TYPE 




; PREDICTION_MODE 


s \ s \ s \ 


i QUANT SCALE 


' \ ! ' ! 


QUANTJTABLE 


✓ j ✓ ! j 


; SEQUENCE.END 




! 


SEQUENCE.START 


s 


✓ ✓ ! 


SLICE.START 


s 


' \ ' 


TEMPORAL.REFERENCE 


' i i ' \ 


TIME.CODE 


' \ \ 


USER_DATA 


' \ ' \ i 


VBV.BUFFER.SI2E 


' ! ! ! 


! VBV_DELAY 


' ! i 


VERTICAL.MBS 


✓ 


' ! ' 


VERTICAL.SIZE 


✓ 


/ 





Table A.3.6 Tokens for different standards (contd) 
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A. 3.7 Use of Tokens for different standards 

Each standard uses a different sub-set of the defined 
Tokens in accordance with the present invention; ss Table 
A. 3. 6. 



180 



SECTION A.4 The two wire interface 

A. 4.1 Two-wire interfaces and the Token Port 

A simple two-wire valid/accept protocol is used at all 
levels in the chip-set to control the flow of information. 
Data is only transferred between blocks when both the 
sender and receiver are observed to be ready when the clock 
rises. 

1) Data transfer 

2) Receiver not ready 

3) Sender not ready 

If the sender is not ready (as in 3 Sender not ready 
above) the input of the receiver must wait. if the 
receiver is not ready (as in 2 Receiver not ready above) 
the sender will continue to present the same data on its 
output until it is accepted by the receiver. 

When Token information is transferred between blocks- the 
two-wire interface between the blocks is referred to as a 
Token Port. 
A. 4. 2 where used 

The decoder chip-set, in accordance with the present 
invention, uses two-wire interfaces to connect the three 
chips. m addition, the coded data input to the Spatial 
Decoder is also a two-wire interface. 
A. 4. 3 Bus signals 

The width of the data word transferred by the two-wire 
interface varies depending upon the needs of the interface 
concerned (See Figure 35, "Tokens on interfaces wider than 
8 bits". For example, 12 bit coefficients are input to the 
Inverse Discrete Cosine Transform (IDCT) , but only 9 bits 
are output. 
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interlace 


Da:a W:c:n (bits) 


1 Cocec cata input to SoaoaJ Decoder 


A \ 


| Output pon of SpatiaJ Decoder 


9 i 


input poa of Temporal Oecoder 


9 ! 


Output pon of Temporal Decocer 


3 ! 


input pon of image Formatter | 


3 1 



Table A. 4,1 Two wire interface data width 

In addition to the data signals there are three other 
signals transmitted via the two-wire interface: 

- valid 

. accept 

. extension 
A. 4. 3.1 The extension signal 

The extension signal corresponds to the Token extension 
bit previously described. 
A. 4. 4 Design considerations 

The two wire interface is intended for short range, 
point to point communication between chips. 

The decoder chips should be placed adjacent to each 
other, so as to minimize the length of the PCB tracks 
between chips. Where possible, track lengths should be 
kept below 25 mm. The PCB track capacitance should be kept 
to a minimum. 



182 



The clock distribution should be designed to minimize 
the clock slew between chips. If there is any clock slew, 
it should be arranged so that "receiving chips" see the 
clock before "sending chips". 1 
5 All chips communicating via two wire interfaces should 

operate* from the same digital power supply. 
A. 4. 5 Interface timing 



Num. 


Characteristic 


30 MHz 


Unit 


Note a 
b 


Min. 


Max. 


1 


Input signal set-up time 


5 




ns 




2 


Input signal hold time 


0 




ns 




3 


Output signaJ drive time 




23 


ns 




. 4 


Output signal hold time 


2 




ns 





Table A. 4 .2 Two wire interface timing 

a. Figures in Table A. 4. 2 may vary in accordance with 
10 design variations 

b. Maximum signal loading is approximately 20 p F 



1 Note: Figure 38 shows the two-wire interface between the 
system de-mux chip and the coded data port of the Spatial 
Decoder operating from the main decoder clock. This is 
15 optional as this two wire interface can work from the coded 
data clock which can be asynchronous to the decoder clock. 
See Section A. 10. 5, "Coded data clock". Similarly the display 
interface of the Image Formatter can operate from a clock that 
is asynchronous to the main decoder clock. 
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«. 6 --.Signal levels 

The two-wire interface uses CMOS «. 
V,„ min is approx. 70% of v and v P *"* ° UtpUt 

-e values shown in Table' a" 3 aTe'tV^** °* 
th.ir respective worst case V v -T ^ ^ 




A -"- 3 DC ""trie.! ch.r.=t. ri 3tics 

b. l OH <4mA 
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A. 4 . 7 ^Cgntrol clock 

In general, the clock controlling the transfers acros 
the two wire interface is the chip's decoder_clock . Th 
exception is the coded data port input to the Spatial 
Decoder. This is controlled by coded_clock. The clock 
signals are further described herein. 
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SECTION A. 5 DRAM Interface 
A. 5.1 The DRAM interface 

A single high performance, configurable, DRAM interface 
is used on each of the video decoder chips. In general 
the DRAM interface on each chip is substantially the same- 
however, the interfaces differ from one another in how they 
handle channel priorities. The interface is designed to 
directly drive the DRAM used by each of the decoder chips 
Typically, no external logic, buffers or components will be 
necessary to connect the DRAM interface to the DRAMs in 
most systems . 
A. 5.2 Interface signals 



SignaJ Name 



input/ 
Outout 



Description 



! DftAM_data(3i:0l 

i 




The 22 bit wide ORAM cata cus. Op:;onai:y :ms bl 
can be configured to be 16 or 3 bus wice. See 
section A.5.8 



DRAM_addr(iO:0] 



O | The 22 bit wide DRAM interface address s i:m e 
multiplexed over this 11 tit wide bus. 



f RA5 



The ORAM Row Address Strooe signal 



C35[3;0] 



The DRAM Column Address Strcce sig.-.ai. One 
signal is provided per byte or tne interface s data 
bus. All the CAS signals are driven simultaneously 



WE 



The DRAM Write EnaDle signal 



BE 



The DRAM Output Enable sigrai 



DRAM.enabJe 



This input signaJ, when low, maxes ail the output 
signals on the interface go hign impedance. 
Note: on-chip data processing is not stopped wnen 
the DRAM interface is high impedance. So. errors 
will occur if the chip attempts to access DRAM wnie 
DRAM_tnabl# is low. 



Table A.5.1 DRAM interlace signals 
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In *coordance with the present invention, the interface 
is configurable in two ways: 

•The detail timing of the interface can be 
configured to accommodate a variety of 
different DRAM types 
.The "width" of the DRAM interface can be 
configured to provide a cost/performance 
trade-off in different applications. 
A.S.3 Configuring the DRAM interface 

Generally, there are three groups of registers 
associated with the DRAM interface: interface timing 
configuration registers, interface bus configuration 
registers. and refresh configuration registers. The refresh 
configuration registers (registers in Table A. 5. 4) should 
be configured last. 
A, 5. 3.1 Conditions after reset 

After reset, the DRAM interface, in accordance with the 
present invention, starts operation with a set of default 
timing parameters (that correspond to the slowest mode of 
operation). Initially, the DRAM interface will continually 
execute refresh cycles (excluding all other transfers) 
This will continue until a value is written into 
refresh_interval. The DRAM interface will then be able to 
perform other types of transfer between refresh cycles. 
A. 5. 3. 2 Bus configuration 

Bus configuration (registers in Table A15.3) should only 
be done when no data transfers are being attempted by the 
interface. The interface is placed in this condition 
immediately after reset, and before a value is written into 
refresh_interval. The interface can be re-configured 
later, if required, only when no transfers are being 
attempted. see the Temporal Decoder chip_access register 
(A. is. 3.1) and the Spatial Decoder buf f er_manager_access 
register (A. 13 . I . l) . 
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A. 5. 3.^" "interface timing configuration 

in accordance with the present invention, modifications 
to the interface timing configuration information are 
controlled by the interf ace_t iming_access register. 
Writing i to this register allows the interface timing 
registers (in Table A. 5.2) to be modified. While 
interf ace_timing_access =1, the DRAM interface continues 
operation with its previous configuration. After writing 
1. the user should wait until l can be read back from the 
interface_timing_access before writing to any of the 
interface timing registers. 

When configuration is compete, 0 should be written to 
the interf ace_timing_access. The new configuration will 
then be transferred to the DRAM interface. 
A. 5.3. 4 Refresh configuration 

The refresh interval of the DRAM interface of the 
present invention can only be configured once following 
reset. Until ref resh_interval is configured, the interface 
continually executes refresh cycles. This prevents any 
other data transfers. Data transfers can start after a 
value is written to ref resh_interval . 

As is well known in the art, DRAMs typically require a 
"pause" of between 100 US and 500 M s after power is first 
applied, followed by a number of refresh cycles before 
normal operation is possible. Accordingly, these DRAM 
start-up requirements should be satisfied before writing a 
value to refresh_interval . 

A. 5. 3.5 Read access to configuration registers 

All the DRAM interface registers of the present 
invention can be read at any time. 
A. 5. 4 interface timing (ticks) 
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The*© RAM interface timing is derived from a clock which 
is running at four times the input Clock rate of the devic 
(decoder_clock) . This clock is generated by an on-chip 



PLL 



For brevity, periods of this high speed clock are 
referred to as ticks. 
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A. 5 . 5 ""iftterf ace registers 





i 


o 


i 


Register name 


ro/Dlr. 


dI Slal 


i 

j Descr-cticn 






© 






1 * 

! 




i 


• >otv 9 urninQ_dCC6SI 


1 


0 


This function enacie register a.icws access to 


i 
t 


bit 




the DRAM interface nmir.g ccrfig;.:a::cn 


! 






registers. The configuration registers sncu:s r.ci [ 


i 


rw 




be modified while this register holes the va:ue 


i 
t 






0. Writing a one to this register recuesis access 


! 

i 






to modify the configuration registers. Aher a Z 


i 

j 






nas been wnnen to this register the CRAM 


i 
i 

! 

1 






interface will sran to use the new va;-es r, the 


i 






timing configuration registers. 


page.startjength 


5 


0 


Specifies the length of the access star: -cits. 




bit 




The minimum value that can be used :s 4 








(meaning 4 ticks). C select the maximum 




rw 




length of 32 ticks. 


I transfer_cycle_iengm 


4 


0 


Specifies the length of the fast page reac cr , 


i 

i 


Dit 




write cycle in ticks. The minimum value that car. 








be used is 4 (meaning 4 ticks). 0 seiects -he 




rw 




maximum length of * 5 t;cks. 


refresn_cyc(e_length 


4 


0 


Specifies the length of the refresn cyc:e m t:c*s. 




bit 




The minimum value that can be useo is 4 








(meaning 4 neks). 0 select the maximum 




rw 




length of 16 ticks. 


RASJalling 


4 


0 


Specifies the numoer cf ticks ar.er the stan zi 




bit 




the access stan that Ra5 falls. The minimum 








value that can be used is 4 (meaning 4 t.cksi. : 




rw 




selects the maximum length cf 1 S :cks. 


CASJalling 

i 


4 


3 ! 

1 


Specifies the number of ticks ar.er :ne star: cf a 




bit 


I 

1 


read cycle, write cycle or access star: that CAS 






! 

1 


falls. The minimum value that can >e usee .s : 




rw 


j 


(meaning * tick). 0 seiects the maximum ^e*gr. 






i 


of 16 ticks. 



Table A. 5.2 Interface timing configuration registers 
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Reset Slate 




Regisrer name 


SI/a/DIi 


Description 


j DRAM_cata_wietn 


2 

bit 


0 


Specifies the numoer of bits used on one DRam" 
interface data bus DRAM_data(3l:0]. See 
A.5.8 


| row_adaress_Dits 

t 

l 


2 

bit 
rw 


0 


Specifies the number of bits used for tne row 
address portion of the DRAW mterface access ! 
bus. See A.5.10 

i 
« 
i 


ORAM_enaoie 

1 


1 

bit 
rw 


.1 


Writing the value 0 in to mis register ?crces :r.e . 
ORAM interface into a high impedance state. 
0 will be read from this register if either me 
DRAM.enable signal is low or 0 has been 1 
written to the register. j 


| CAS.strengtn 


3 


6 


Tnese three bit registers configure the cutout 
drive strength of ORAM intertace signals. 


| RAS.strength 


bit 




: addr_strength 






DRAM.data.strength 


rw 




This allows the interface to be configured for 


OEWE.strength 




various different loads. 
SeeA.5.13 



Table A. 5. 3 Interfa 



co bus configuration registers 
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A. 5 . 6 ~l»terf ace operation 

The DRAM interface uses fast page mode. Three different 
types of access are supported: 
. Read 
•Write 
. Refresh 

Each read or write access transfers a burst of i to 64 
bytes to a single ORAM page address. Read and write 
transfers are not mixed within a single access and each 
successive access is treated as a random access to a new 
DRAM page. 







.si 


2 

«• 






Register name 




I 


! 

Description 






CO 












C 




| refresh.intervai 


8 


0 


This vaiue specifies tne interval oerween 


i 

! 


bit 




refresh cycles m periods of 16 decoder.dock 








cyctes. Values in the range 1 ..255 car te j 


! 


rw 




configured. The vaJue 0 is automaDca;!y loacec ; 


i 






after reset and forces the DRAM interface :o 


j 






continuously execute refresh cycles until a va:.c 








refresh interval is configured. It is 








recommended that refresh .Interval shccid ze '■ 








configured onfy once after each reset. ' 


no.refresft 


1 


0 


Writing the value 1 to this register prevents j 




bit 




execution of any refresh cycles. 


i 


rw 




i 



Table A. 5. 4 Refresh configurat 



ion registers 
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A. 5. 7 --.^cess structure 

Each access is composed of two parts- 

•Access start 
•Data transfer 



In the present invention, each access begins with 
a==ess start and is folloued by ^ „ ao ^« " ' 

cy=l«. in addition. there is a read, „rlt e and r T 
variant of both i-h~ rite and refresh 

cycie. aCC " S and the d «* «•„.,«- 

Upon completion of the last data transfer f<Jr 

«.«,/ o e ; : re : £ Tn r this state untii * — 

gin. if a new access is ready to 
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begin when the last access has finished, then the new 
access will begin immediately. 
A. 5. 7.1 Access start 

The access start provides the page address for the read 
5 or write transfers and establishes some initial signal 
conditions. In accordance with the present invention, 
there are three different access starts: 

. Start of read 

.Start of write 
10 .Start of refresh 



: Num. 


Characteristic Min. 


Max. 


Ur.it 


Ncres ; 


1 5 

i 


RAS precnarge period set Dy register 
RASJalling 


4 


16 


acx 




! * 
I 

1 


Access start curation set by register 
page.sttrtjength 


4 


32 






7 j CaS precnarge length set oy register 
| CAS.falling. 


1 


16 




a 


8 


Fast page read or write cycie iengtn set oy 
the register transfer.cyclejength. 


4 


16 




9 


Refresh cycie length set by the register 
refresh.cyclt. 


4 


16 




i 



Table A. 5.5 DRAM Interface timing parameters 

This value must be less than RAS_falling to ensure 
Cas before RAS refresh occurs. 



in each case, the timing of RAS and the row address is 
controlled by the registers RAS_falling and 

he^-r 3 ^ 16 ^- ^ State ° f ° E ^ D ^a t a C 31: 0] is 
held from the end of the previous data transfer until «pas 
falls The three different access start types only vary in 
how they drive OE and DRAM.data [ 3 1 : o ] when RAS falls. See 
Figure 43. 

A. 5. 7. 2 Data transfer 

in the present invention, there are different types of 
data transfer cycles: 
•Fast page read cycle 
.Fast page late write cycle 
•Refresh cycle 

A start of refresh can only be followed by a single 
refresh cycle. A start of read (or write) can be followed 
by one or more fast page read (or write) cycles. At the 
start of the read cycle CAS is driven high and the new 
column address is driven. 

Furthermore, an early write cycle is used. WE is driven 
low at the start of the first write transfer and remains 
low until the end of the last write transfer. The output 
data is driven with the address. 

As a CAS before RAS refresh cycle is initiated by the 
start of refresh cycle, there is no interface signal 
activity during the refresh cycle. The purpose of the 
refresh cycle is to meet the minimum RAS low period 
required by the DRAM. 
A. 5. 7. 3 Interface default state 

The interface signals in the present invention enter a 
default state at the end of an access: 
RAS, CAS and WE high 

*data and OE remain in their previous state 
.addr remains stable 
A. 5. 8 Data bus width 



195 



«" draw in;;;;^';^^" 3 -"^-- „ wth 

the DRAM co, t 1 ". P " h " be T his 
srr.au pictu « formats t0 ■»<«»- "hen woricing with 



! 2 



8 6 " »w oata bus on DRAM.data(^ T 
16 b„ ^ dM . bus 0 „ ORAM . dataf3 ^ r 
32 ft.i aara bus on DRAM.aataf3i.oi. 
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Table A . 5 . 6 Configuring DRA^data.width 

a- Default after reset 

Sl9nals «• M*. i»pe dan ce. 

A. 5. 9 row address width 

The number of bits that are taken , 
section of the 24 bit the middle 

-e row address is c^C^^" in ^ - ide 

row_addres S _bits. 7 6 re 9^ter, 
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A. 5. lt^AAdress bits 

On-chip, a 24 bit address is generated. How this 
address is used to form the row and column addresses 
depends on the width of the data bus and the number of bits 
selected for the row address. Some configurations do not 
permit all the internal address bits to be used and, 
therefore, produce "hidden bits)". 

Similarly, the row address is extracted from the middle 
portion of the address. Accordingly, this maximizes the 
rate at which the DRAM is naturally refreshed. 



row 
address 
width 



TO 



il 



row address 
translation 
internal O external 
[14:6] o [8:0] 

[15:6] o [9:0] 



[16:6] o (10:0) 



data bus 

width 



column address translation 
internal O erternal 



8 


[19:15] o [10:6] 


! [5:0] O(5:0J 


16 


[20:15] o [10:5] 


[5:1 Jo (4:CJ 


32 


[21:15] o [10:4] 


(5:2] o [3:0] 


8 


[ [19:16] 0(10:6] | 


(5:0] o (5.0J 


16 


[20:16] Of 10:5] 


[5:1] o (4:0 j 


32 


[21:16] O(i0:4J | 


[5:2] O [3-:0] 


8 


[19:17] o [10:61 


[5:0] o [5:0] 


16 


(20:17] o [10:5] 


[5:1] 0(4:0] 


32 


[21:17] 0(10:4] 


[5:2] o [3:0] 



Table a. s.a Mapping between internal and external addresses 



197 



10 



25 
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A.5.l*»i» Low order column address bits 

The least significant 4 to 6 bits of the column address 
are used to provide addresses for fast page m ode transfers 
of up to 64 bytes. The number of address bits required to 
control these transfers will depend on the width of the 
data bus (see A. 5 . 8) . 

A. 5. io. 2 Decoding row address to access more dram banks 

Where only a single bank of DRAM is used, the width of 
the row address used will depend on the type of DRAM used. 
Applications that require more memory than can be typically 
provided by a single DRAM bank, can configure a wider row 
address and then decode some row address bits to select a 
single DRAM bank. 

NOTE: The row address is extracted from the middle of 
15 the internal address. if some bits of the row address are 
decoded to select banks of DRAM , then all possible values 
of these "bank select bits" must select a bank of DRAM. 
Otherwise, holes will be left in the address space. 
A. 5. n DRAM Interface enable 

In the present invention, there are two ways to make all 
the output signals on the DRAM interface become high 
impedance, i.e., by setting the DRAM_enable register and 
the DRAM-enable signal. Both the register and the signal 
must be at a logic 1 in order for the drivers on the DRAM 
interface to operate. If either is low then the interface 
is taken to high impedance. 

Note: on-chip data processing is not terminated when 
the DRAM interface is at high impedance. Therefore, errors 
will occur if the chip attempts to access DRAM while the 
interface is at high impedance. 

In accordance with the present invention, the ability to 
take the DRAM interface to high impedance is provided to 
allow other devices to test or use the DRAM controlled by 
the Spatial Decoder (or the Temporal Decoder) when the 
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Spatial Becoder (or the Temporal Decoder) is not in use. 
It is not intended to allow other devices to share the 
memory during normal operation. 
A. 5. 12 Refresh 

Unless disabled by writing to the register, no_refresh, 
the DRAM interface will automatically refresh the DRAM 
using a cas before "RAT refresh cycle at an interval 
determined by the register, ref resh_interval . 

The value in ref resh_interval specifies the interval 
between refresh cycles in periods of 16 decoder_clock 
cycles. Values in the range 1.255 can be configured. The 
value 0 is automatically loaded after reset and forces the 
DRAM interface to continuously execute refresh cycles (once 
enabled) until a valid refresh interval is configured. It 
is recommended that ref resh_interval should be configured 
only once after each reset. 

While reset is asserted, the DRAM interface is unable to 
refresh the DRAM. However, the reset time required by the 
decoder chips is sufficiently short, so that it should be 
possible to reset them and then to re-configure the DRAM 
interface before the DRAM contents decay. 
A. 5. 13 Signal strengths 

The drive strength of the outputs of the DRAM interface 
can be configured by the user using the 3 bit registers, 
CAS_strength, RAS_strength, addr_strength , 
DRAM_data_strength, and OEWE_strength . The MSB of this 3 
bit value selects either a fast or slow edge rate. The two 
less significant bits configure the output for different 
load capacitances. 

The default strength after reset is 6 and this 
configures the outputs to take approximately 10ns to drive 
a signal between GND and V DD if loaded with 24 p F. 
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s Jengm value 


Drive characteristics 


0 


| Approx. 4 ns/v* into 6 pf load 


| 


1 


Approx. 4 nsV into 12 pf load 


i 
l 
i 


2 


Approx. 4 ns/V into 24 pf load 




3 


! Approx. 4 nsvV into 46 pf load 




4 


Approx. 2 nsyV into 6 pf load | 


5 


Approx. 2 ns/V into 12 pf load j 


6* 


Approx. 2 nsyv into 24 pf load | 


7 


Approx. 2 ns/V into 46 pf load 



10 



Table A. 5. 9 Output strength configurations 

a. Default after reset 

When an output is configured appropriately for the load 
it is driving, it will meet the AC electrical 
characteristics specified in Tables A. 5. 13 to A. 5. 16. When 
appropriately configured, each output is approximately 
matched to its load and, therefore, minimal overshoot will 
occur after a signal transition. 
A. 5. 14 Electrical specifications 

All information provided in this section is merely 
illustrative of one embodiment of the present invention and 
is included by example and not necessarily by way of 
limitation. 
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Table A. 5. 10 Maximum' Ratings* 

Table A. 5. 10 sets forth maximum ratings for the 
illustrative embodiment only. For this particular 
embodiment stresses below those listed in this table should 
be used, to ensure reliability of operation. 




Table A. 5. 11 DC Operating conditions 

with TBA linear ft/min transverse airflow 
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Parameter 



Min. 



Max. 



Units 



1 V 0L 


j Output logic 0* voltage 


1 






! v OH 


( Output logic *r voltage 


2.8 


j 


! 7 


'o 


| Output current 


t 100 


i 




'oz 


| Output off state leakage current 


= 20 


I 




'* 


| input leakage current 


t 10 


1 


1 ma ; 


'00 


RMS power supply current 




j 500 


j TlA 




input capacitance 




h 


I PF 


c OLrr 


Output / 10 capacitance | 




l 5 





Table A. 5. 12 DC Electrical characteristics 

a. AC parameters are specified using V OLmix = 0.8V 
as the measurement level. 

b. This is the steady state drive capability of 
the interface. 

Transient currents may be much greater. 



202 



A.5.i<ri» AC characteri 



sties 




Table A. 5. 13 Differences from nominal values for a strobe 

a. As will be appreciated by one of ordinary skill in 
the art, the driver strength of the signal must be 



configured appropriately for its load. 




\ 17 

J 
1 
I 


Strobe to strobe precnarge e.g. tCRP, 
tRCS. IRCH. tRRH, iflPC 


•9 


♦3 


ns 


i 


! 


CAs precnarge pulse between any two 


•S 


+2 


ns 






CAS signals on wide DRAMs e.g. tCP. or 












between HZ3 rising and failing e.g. 












tRPC 






i 

i 


18 


Precnarge before disable | 


•ia | 


- 3 1 


~ 1 



Table A.S.14 Differences from nominal 
values between two strobes 

The driver strength of the two signals must 
configured appropriately for their loads. 



be 



203 



Num. 


j Parameter 


Min. 


Max. 


'Jr.it 


Note* ■ 


19 


| Set up time 


-12 


♦3 




: 


20 


j Hold time 


-12 


♦3 


- ! 


21 


j Address access time 


-12 


+3 


.is i 

i 


22 


j Next valid after strooe 


•12 


+3 


r.s 





Table A. 5. 15 Differences from nominal 
between a bus and a strobe 

The driver strength of the bus and the strobe 
be configured appropriately for their loads. 



J Num. 


; Parameter 


j Min. 


t 

Max. j 'jr..-: 


J Note . 


23 


Read data set-up ome oefore CAS signal 
starts to rise 


0 


1 


i 


p 

24 


Read data hold time after signal 
starts to go high 


0 


i 
i 


i 



Table A. 5. 16 Differences from nominal 
between a bus and a strobe 



When reading from DRAM , the DRAM interface samples 
DRAM_data[31:0] as the "CES signals rise. 
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T.bl. R s.x, Cro„- r . fer<>llce betB .. n 
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SECTION A.6 Microprocessor interface (MPI) 

A standard byte wide microprocessor interface (MPI) is 
used on all chips in the video decoder chip-set. However, 
one of ordinary skill in the art will appreciate that 
microprocessor interfaces of other widths may also be used. 
The MPI operates synchronously to various decoder chip 
clocks . 

A. 6.1 MPI signals 



j 

j 

| Signal Name 


Input/ 






Oescnpticn j 

i 
i 




Output 



j enaoiep:0] 

i 

i 


incut 


Two active iow cmp enables. Sotn must 5e low io 
enable accesses via me MP!. 


: rw 

i 

i 


input 


Hign indicates that a device wisnes ;o read vaiues 
from me v;ceo chip. : 

This signal should be stable wniie the cmp is ' 
enabled. , 


j adOr[n:0] 


Input 


Accress specifies one of 2 n locations m me crip s ! 

memory map. j 

f 

This signal should be stable while the chip is ! 
enabled. 


aata[7:0j 


Output 


8 bit wide aata I/O port. These pins are ngn 
impedance if either enable signal is nigh. j 


t 


Output 


An active low. open collector, interrupt request 

i 

signal. ! 



Tabl 



e A. 6 . l 



MPI interface signals 



A.6.2~* M electrical specifications 




Table A. 6.2 Absolute Maximum Ratings' 



Symool 



i.NO 



Parameter 



Sucpiy voirage relative to GNO 



Ground 



Input logic V voJtage 
input logic '0' voltage 
Operating temperature 



Min. 



4.75 



2.0 
GNO - 0.5 
0 



Max. 



5.25 



t v 



V 0 o * 0.5 
0.8 
70 



Table A. 6. 3 DC Operating conditions 

AC input parameters are measured at a 1.4V 
measurement level. 

With TBA linear ft/min transverse airflow. 




a 

b. 



c . 



Table A. 6 .4 DC Electrical characteristics 

J-Ooc mm- 

This is the steady state drive capability of 
the interface. Transient currents may be 

much greater. 

When asserted the open collector Irq output 
Pulls down with an impedance of loon or less. 



208 



A.6.2.T* *ac characteristics 



i Num. 



Characterise 



Win. 



Max. 



Notes 



Unii 



25 



cnaoie low oer:od 



100 



cnaoie nign period 



50 



ns 



27 


Address or rw set-up to clip enaoie 


0 i 


! "» j j 


28 


Address or rw hold from chip disaoie 


0 


i - i | 


29 


Output turn -on time 


20 


! - 1 1 


30 


Read cata access time 




70 | ns j 6 j 


" 1 


Read data hold time 


5 


j ns j 


» i 


Read data turn-off time 




20 f | 



Table A. 6. 5 Microprocessor interface read timing 

The choice, in this example, of enable [0] 
to start the cycle and .enabled] to end it 
is arbitrary. These signal are of equal 
status. 

The access time is specified for a maximum 
load of 50 p F on each of the data[7.0]. 
Larger loads may increase the access time. 



Num _( Characterise 

33 | Wnte data set-up time 



34 Write data nolo nm« 



Min. 



Max. 



Unit | Notes 
ns j * 



ns 



Table A. 6. 6 Microprocessor interface write timing 

a. The choice, in this example, of enable [0] 
to start the cycle and eTOOT[i] to end 
it is arbitrary. These signal are of equal 
status. 



A. 6.3 ~Imterrupts 

In accordance with the present invention, "event" is the 
term used to describe an on-chip condition that a user 
night want to observe. An event can indicate an error or 
it can be informative to the user's software. 

There are two single bit registers associated with each 
interrupt or "event". These are the condition event 
register and the condition mask register . 
A. 6.3.1 condition event register 

The condition event register is a one bit read/write 
register whose value is set to one by a condition occurring 
within the circuit. The register is set to one even if the 
condition was merely transient and has now gone away. The 
register is then guaranteed to remain set to one until the 
user's software resets it (or the entire chip is reset). 
The register is set to zero by writing the 
value one 

Writing zero to the register leaves the register 
unaltered . 

• The register must be set to zero by user 
software 

before another occurrence of this condition can 
be observed. 

The register will be reset to zero on reset. 
A.6.3.2 Condition mask register 

The condition mask register is one bit read/write 
register which enables the generation of an interrupt 
request if the corresponding condition event register (s) 
is (are) set. If the condition event is already set when 1 
is written to the condition mask register, an interrupt 
request, will be issued immediately. 

•The value 1 enables interrupts. 

•The register clears to zero on reset. 

Unless stated otherwise a block will stop operation 
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after aerating an interrupt request and will re-start 
operation after either the condition event or the condition 
mask register is cleared. 
A. 6.3.3 Event and mask bits 

Event bits and mask bits are always grouped into 
corresponding bit positions in consecutive bytes in the 
memory map (see Table A. 9. 6 and Table A. 17. 6). This allows 
interrupt service software to use the value read from the 
mask registers as a mask for the value in the event 
registers to identify which event generated the interrupt. 
A. 6. 3. 4 The chip event and mask 

Each chip has a single "global" event bit that 
summarizes the event activity on the chip. The chip event 
register presents the OR of all the on-chip events that 
have l in their mask bit. 

A 1 in the chip mask bit allows the chip to generate 
interrupts. A 0 in the chip ..ask bit prevents any on-chip 
events fro-, generating interrupt requests. 

Writing 1 to 0 to the chip event has no effect. It will 
only clear when all the events (enabled by a 1 in their 
mask bit) have been cleared. 
A. 6. 3. 5 The irq signal 

The frq signal is asserted if both the chip event bit 
and the chip event mask are set. 

The FFq- signal is an active low, "open collector" output 
whichjequires an off-chip pull-up resistor. When active 
the irq output is pulled down by an impedance of 100n or 
less . 

I will be appreciated that pull-up resistor of 

approximately 4kP. should be suitshi Q f~ _ , - 

e suitable for most applications. 

A. 6. 4 Accessing registers 

A. 6. 4.1 Stopping circuits to enable access 

In the present invention, most registers can only be 
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modified if the block with which they are associated is 
stopped. Therefore, groups of registers will normally be 
associated with an access register. 

The value 0 in an access register indicates that the 
5 group of registers associated with that access register 
should not be modified. Writing 1 to an access register 
requests that a block be stopped. However, the block may 
not stop immediately and block's access register will hold 
the value 0 until it is stopped. 

10 Accordingly, user software should wait (after writing 1 

to request access) until 1 is read from the access 
register. If the user writes a value to a configuration 
register while its access register is set to 0, the results 
are undefined. 

15 A. 6 .4. 2 Registers holding integers 

The least significant bit of any byte in the memory map 
is that associated with the signal data[0]. 

Registers that hold integers values greater than 8 bits 
are split over either 2 or 4 consecutive byte locations in 

2 0 the memory map. The byte ordering is "big endian" as shown 
in Figure 55. However, no assumptions are made about the 
order in which bytes are written into multi-byte 
registers. 

Unused bits in the memory map will return a 0 when read 
2 5 except for unused bits in registers holding signed 

integers. In this case, the most significant bit of the 
register will be sign extended. For example, a 12 bit 
signed register will be sign extended to fill a 16 bit 
memory map location (two bytes) . A 16 bit memory map 
5 0 location holding a 12 bit unsigned integer will return a 0 
from its most significant bits. 
A. 6. 4 • 3 Keyholed address locations 

In the present invention, certain less frequently 
accessed memory map locations have been placed behind 
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"keyhc*^... A "keyhole" has two registers associated with 
it, a keyhole address register and a keyhole data register 

The keyhole address specifies a location within an 
extended address space. A read or a write operation to the 
keyhole data register accesses the location specified by 
the keyhole address register. 

After accessing a keyhole data register the associated 
keyhole address register increments. Random access within 
the extended address space is only possible by writing a 
new value to the keyhole address register for each access. 

A chip in accordance with the present invention, may 
have more than one "keyholed" memory map. There is no 
interaction between the different keyholes. 
A. 6. 5 Special registers 
15 A. 6. 5.x unused registers 

Registers or bits described as "not used" are locations 
in the memory map that have not been used in the current 
implementation of the device. m general, the value 0 can 
be read from these locations. Writing 0 to these locations 
20 will have no effect. 

As will be appreciated by one of ordinary skill in the 
art, in order to maintain compatibility with future 
variants of these products, it is recommended that the 
user's software should not depend upon values read from the 
unused locations. Similarly, when configuring the device, 
these locations should either be avoided or set to the 
value 0. 

A. 6.5.2 Reserved registers 

Similarly, registers or bits described as "reserved" in 
the present' invention have un-documented effects on the 
behavior of the device and should not be accessed. 
A. 6.5.3 Test registers 

Furthermore, registers or bits described as "test 
registers" control various aspects of the device's 
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testability. Therefore, these registers have no 
application in the normal use of the devices and need not 
be accessed by normal device configuration and control 
software . 
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SECTION A.7 Clocks 

In accordance with the present inventions, many 
different clocks can be identified in the video decoder 
system. Examples of clocks are illustrated in Figure 56. 

As data passes between different clock regimes within 
the video decoder chip-set, it is resynchronized (on-chip) 
to each new clock. In the present invention, the maximum 
frequency of any input clock is 30 MH,. However, one of 
ordinary skill in the art will appreciate that other 
frequencies, including those greater than 30MHz, may also 
be used. On each chip, the microprocessor interface (MPI) 
operates asynchronously to the chip clocks. In addition, 
the Image Formatter can generate a low frequency audio 
clock which is synchronous to the decoded video's picture 
rate. Accordingly, this clock can be used to provide 
audio/ video synchronization. 
A.7.1 spatial Decoder clock signals 

The Spatial Decoder has two different (and potentially 



Signal Name 


Input / 
Output 


Description 


coded_ciock 


Input 


This clock controls data transfer in to the coded data 
port of the Spatial Decoder. 

On-chip this clock controls the processing of the 
coded data until it reaches the coded data buffer. 


decoder_clock 


Input 


The decoder clock controls the majority of the 
processing functions on the Spatial Decoder. 

The decoder clock aJso controls the transfer of data 
out of the Spatial Decoder through its output port. 
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A. 7.2 ^-Temporal Decoder clock signals 

The Temporal Decoder has only one clock input: 



SignaJ Name 


Input / 
Output 


Description 


decoder_ctock 

1 
t 

i 


Input 


The aecocer dock controls ail of the processing j 

functions on the TemporaJ Decoder i 

i 

The decooer clock also controfs transfer of data m to ■ 
the Temporai Decoder nrough its input pon and out 
via its output oon. ' l 



Table A. 7 . 2 Temporal Decoder clocks 
A. 7. 3 Electrical specifications 



Num. 


Characteristic 


30 MHz 


Unit 


Note ! 

i 






Min. 


Max. 


-2LJ 


Clock period 


33 




ns 


I 


36 


Clock high period 


13 




ns 




i ^ i 


Clock low period 


» i 


ns | j 



5 



Table A. 7. 3 Input clock requirements 
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Table A. 7. 4 Clock input conditions 

A. 7. 3.1 CMOS levels 

The clock input signals are CMOS inputs. v 
approx. 70% of v ; , D and V ILmai is approx. 30% of V DO 

ir 

V DD =5. 0±0. 25V. 



IHmm 1S 

The 



values shown in Table A. 7. 4 are those for V 1H and V IL at 
their respective worst case V DD . 
A. 7. 3.2 stability of clocks 

in the present invention, clocks used to drive the DRAM 
interface and the chip-to-chip interfaces are derived from 
the input clock signals. The timing specifications for 
these interfaces assume that the input clock timing is 
stable to within ± 100 ps . 



15 
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SECTKJN A.8 JTAG 



25 



30 



components by traditi™ , connections between 

» -i-, a be d .r,r;:r r;;; mrr* a : in - circuit 

the access problem and !! ! ""^ " " solv * 

-int Test Act i on Greup ( jTAG)" d «as 7 ' «»• 
this group culminated fn the S t and , *"* ° f 

Boundary Scan Architecture" Stand " d T *« Ace- Port and 
» standard X 14. i "! " ' "°" ad ° Pted " y the IEEE •• 
comply with this standard """^ ^ TemPOr " De= ° d « 

The standard utilizes * k~ ^ 
serially connects each di,i °T " Chiin 
™e test circuitry is tra! S1 * nal Pl " °" devi «- 

in test ,„ de the bounder ^""k " °«*""°». »»t 

« * shifted in. and applied to 

The resultant signals PlnS ° f the devi «- 

inputs to t he JTAS d : v ;:r ::; 9 b on the circuit « «• 

by relatively simple test' S " nned ° Ut and 

logic on the circuit board Ce sted, as can areas of 

>~t ( Z7, rrt::: "t e s p ;;r ed vu th ° *— 

-set, pin resets the JTAG r^"- ^ ~" <*•" 

device doesn't power-uo in / CUltry " to en sure that the 

is used to Lei ^ al 
(T«t oata Xnput, pin, and out of t l "d" T° *" 
°"tput, pin. Lastly. tne " ° thS tdo (Te « Oata 
circuitry is set by clocLT " °* JTAG 

bits into the tms (Test Mod ^ s ""J PPr ° Pri " e "»—«• "f 

The JTAG standard is extens^b, P1 "" 
additional features at the d is ""^ '« 

-nufacturer. on the Spatja D " r" °' ^ 

Patial Decoder and Temporal Decoder. 
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there are 9 user instructions, including three JTAG 
mandatory instructions. The extra instructions allow a 
degree of internal device testing to be performed, and 
provide additional external test flexibility. For example, 
all device outputs may be made to float by a simple JTAG 
sequence. 

For full details of the facilities available and 
instructions on how to use the JTAG port, refer to the 
following JTAG Applications Notes. 

A. 8.1 Connection of JTAG pins in non-JTAG systems 



Signal 


Direction 


Description 


trst 


input 


This pin has an internal pull-up. but must be taken 1 
low at power-up even if the JTAG features are not 
being used. This may be achieved by connecting 
trst in common with the chip reset pin reset 


tdi 


Input 


These pins have internal pull-ups. and may be left 
disconnected if the JTAG circuitry is not being used. 


tms 


tck 


Input 


This pin does not have a pull-up. and should be tied 
to ground if the JTAG circuitry is not used. 


tdo 


Output 


High impedance except during JTAG scan 
operations. If JTAG is not being used, this pin may 
be left disconnected. 



Table A. 8.1 How to connect JTAG inputs 
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A.8.2~Le>vel of Conformance 
A. 8. 2.1 Rules 

All rules are adhered to, 
be noted: 



to IEEE 1149.1 

although the following shou 



Rules 


Description i 


3.1.1(b) 


| The trst pin is provided. 


3.5.1(b) 


Guaranteed for aJI public instructions (see IEEE M-i3. 1 j 
5.2.1(c)). i 


5.2.1(c) 


Guaranteed for aJI public instrucoons. For some prrvate j 
instructions, the TOO pin may be acove during any of the ! 
states Capture-OR. Exitl-OR. E»t-2-DR & Pause-OR. ! 


5.3.1(a) 


Power on-reset is achieved by use of the trst pm. i 


6.2.1(6.0 


A code for the BYPASS instruction is loaded in tne Test-Logic- f 
Reset sure. 


7.1.1(d) | 


Un-ailocaied instruction codes are eourvaient to SYPASS. 


7.2.1(c) 


There is no device ID register. 



5 



Table A. 8. 2 JTA6 Rules 
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Cities 


Description 


7.8.1(b) 


Single-step cperauon recuires external cor-r~\ nt i 

C*OCK. 

i 


! 7.3. !(...} 


There fS no RUN8IST facility. | 


j 7.11. 1(.„) 


There is no ICCOOE instruction. | 


7.:2.1(...) 


There is no USERCCDE instruction. 


S.i.i(b) 


There »s no devce identification regisier. j 


3.2. Mc} 

i 

j 

i 


Guaranteeo for all puclic instructions. The aczarer.: length of 

| 

the path from tdi to tdo may change under cenam ! 

t 

circumstances while private instruction codes are loaded. ' 


e.3.i(a-0 


Guaranteed for all public instructions. Data may oe loaded at 
times other than on the rising edge of tck wntie private 
instructions codes are leaded. 


iC.4.ne) 


During jr^TTEST, the system ctocK pm must be ccnrciied j 
externally. j 


I0.6^(c) 


During 1NTE3T, output pins are controlled cy cata shifted in via 
tdi. I 


Table A. 8. 2 JTAG Rules 


.2.2 Recommendations 


Recommendation 


Oescnption 


3.2.1(b) 


tck is a higrnmpedance CMOS input. ! 


3.3.1(c) 


tms has a high impedance pull-up. I 


3.6.1(d) 


(Applies to use of chip). j 


3.7.1(a) 


(Applies to use of chip). | 


6.1.1(e) 


The SAMPLE/PRELOAD instruction code is icacec during j 

i 

Capture-IR. 


7.2.1(0 


The INTEST instnxoon is supponed. | 


7.7.1(g) 


Zeros are loaded at system output pins during EXTEST. ! 


! 7.7.2(h) 


AH system outputs may be set hign-imoMar.ee. j 


1 7.3.1(0 


Zeros are loaded at system input pins during INTEST. 


| fi.M(d.e) 


Design-soecftc rest cata registers are not cuoiiciy accessible, i 



Table A.8.3 Recommendations met 



221 



Recommendation 


Description 


10.4.1(0 


During EXTEST, the signal driven into the on-chip logc from 
the system clock pin is that supplied externally. 



Table A. 8. 4 Recommendations not implemented 
A. 8. 2. 3 Permissions 



j Permissions 


Oescnption 


j 3.2.1(c) 


j Guaranteed for ail public instructions. 


S.M{7> 


The instrjcoon register is not used to capture des:gn-spec:.*c 
information. j 




Several additional public instructions are provided. • 


'2.1(a) 


Several onvate instruction codes are allocated. 


7.3.1(c) 


(Rule?) Such instructions codes are documented. 




Additional codes perform identically to BYPASS. J 


i0.i.i{i> 


Each output pin has its own 3-state control. j 


10.3.1(h) 


A parallel la ten ts provided. 


I0.3.l(i.j) 


During EXTEST. input pins are controlled by data smfted in via 

i 

tdi. ! 

i 


I0.6.i(d,e) 


3-state ceils are not forced inactive in the Tesi-Log;c-Reset j 

i 

state. j 



Table A. 8. 5 Permissions met 
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SECTION A.9 Spatial Decoder 

• 3 0 MH, operation 
•Decodes MPEG, JPEG & H.261 
Coded data rates to 25 Mb/s 
5 Video data rates to 21 MB/s 

•Flexible chroma sampling formats. 
Full jpeg baseline decoding 
Glue-less DRAM interface 

• Single -5V supply 
10 -208 pin PQFP package 

Max. power dissipation 2 . 5W 

• Independent coded data and decoder clocks 

• Uses standard page mode DRAM 
The Spatial Decoder is a configurable VLSI decoder chip 

for use in a variety of JPEG, MPEG and H.261 picture and 
video decoding applications. 

In a minimum configuration, with no off-chip DRAM, the 
Spatial Decoder is a single chip, high speed JPEG decoder 
Adding DRAM allows the Spatial Decoder to decode JPEG 
encoded video pictures. 720x480, 30H2, 4:2:2 "JPEG video" 
can be decoded in real-time. 

With the Temporal Decoder Temporal Decoder the Spatial 
Decoder can be used to decode H.261 and MPEG (as well as 
JPEG). 704X480, 30Hz, 4:2:0 MPEG video can be decoded. 

Again, the above values are merely illustrative, by way 
of example and not necessarily by way of limitation, of 
typical values for one embodiment in accordance with the 
present invention. Accordingly, those of ordinary skill in 
the art will appreciate that other values and/or ranges may 
3 0 be used. 
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A * 9 • 1 "spatial Decoder Signal 



s 




Signal Name 
ccced.clock 



cccec_eata(7:0] 



coaea.extn 



coded_valid 



172. 171. 169. 168. 167. 166. 164. 
163 



174 



Coded Data Poa Usee* to supply 
coded data or Tokens to tne Soa:iai 
Decoder 



ccded_accepi 



byte.mode 

enaoie(l:0] 



162 



161 



See sections A.10.1 
A.4.1 



arc 



176 



addr(6:0l 



126. 127 



Micro Processor interlace (MPi). 



125 



136. 135. 133. 132, 131, 130, 128 



eata{7:0j 



irq 



O 
I/O 



152. 151. 149. 147. 145. 143. 14l7| See sec(ioft A * 6 - 1 
140 



154 



oaAM_caia[3l:0] 



D??AW_addr[10:0] 



15. 17, 19. 20, 22. 25. 27. 30, 31. | ORAM Interface. 
33, 35. 38, 39, 42. 44. 47. 49, 57, 
59, 61. 63, 66, 68, 70. 72, 74, 76, 
79,81.83. 84.85 



See section A.5.2 



184. 186. 188. 189. 192. 193. 195. 
197. 199, 200.203 





0 


11 


j CAS(3:0] 


o 


2. 4, 6, 8 


j WE 


0 


12 


i 08 


o 


204 


1 DRAM.enabte 

I 


1 


112 




| out.data[8:0] 


0 


88, 89. 90. 92. 93, 94, 95. 97. 98 


Output Port 


' out.enn 


0 


87 




: cct.valid 


o 


99 


See section A.4.1 


; cut. accept 


1 


100 




tck 


1 


115 


JTAG port. 


:ci 


1 


116 




!CO 


o 


120 


See section A. 8 

i 


tns | 


117 


i 

i 


trst 


1 


121 


! 

i 



Table A.9.1 Spatial Decoder signals 
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Signal Name 


I/O 




Pin Number 


Oeszr-v.on 


decoder.clock 


1 


177 




The mam aecooer cjock. See section 
A.7 


reset 


1 


160 


Reset. 



Table A. 9.1 Spatial Decoder signals (contd) 



Signal Name 


I/O 


Pin Num. 


Description 


tphQish 


1 


122 


If override * 1 then tphOish and tphlish are 


tphlish 


1 


123 


inputs for the on-chip rwo phase clock. 


override 


I 


110 


For normal operation set override = 0. 
tphOish and tphlish are ignored (so connect 
to GNO or V 00 ). 


chip test 


1 


111 


Set chtptest = 0 for normal operation. 


tioop 


1 


114 


Connect to GNO or V 00 duing normal 
operation. 


ramtest 


1 


109 


If ramtest = i test of the on-chip RAMs is 
enabled. 

Set ramtest = 0 for normal operation. 


pflsefect 


I 


178 


If pllsefect s 0 the on-cnip pnase locked 
loops are disabled. 

Set pllselect & 1 for normal operation. 


ti 




180 


Two clocks required by Tie ORAM interface 


tq 


1 


179 


during test operation. 

Connect to GND or V 0D duing normal 
operation. 


poout 


o 


207 


These two pins are connections for an 


pdin 


1 


206 


external filter for me phase lock loop. 



Table A.9.2 Spatial Decoder Test signals 



Pin 





|GNC 




(205 


|nc 


15o 


|vDD 


|101 


jORAM_ca:aii5J 


i 49 




jOE 




|204 


jdatafT] 


|, S2 


|out.acceet 


j 1 CO 


1 

jnc 


Ua 1 




j DRAM_addr[0] 




(203 


|data(6] 


|ts. 


out.vaJid 


99 


j DRAM_ca:a;i 6J 


: 47 




JVDD 




|202 


|nc 


j ISO 


out_data(0] 


|98 


Inc 


'46 ! 




jnc 




201 


jda:a(5) 


149 


jout.datap] 


{97 


Ignd 


?45 




DRAM.acCf(ii 


200 


|ne 


|l48 


GNO 


(96 


jORAM.caia(i7] 






DRAM_addr(2] 


199 


data(4j 


147 


out.dau(2] 


95 


jnc 


!43 j 




GND 


198 


(gno 


146 


out.dataf3] 


94 


jDRAM.ca£a(i8J 


14? ' 

I i 




DRAM_addrf3] 


I 


197 


jdata{3] 


1 145 


out_data[4] 


(93 


|VD0 

1 


U: 1 

■ ! 




nc 




196 


i 

|nc 


144 


ou:_data(5] 


92 


nc 


IdCi 1 

1 1 


! 


ORAM.aodr(4] 


I 


195 


jda!aJ2) 


143 


VOD 


J91 


j ORAM_daia[i9j 


! -12 ! 
! * ! 


! 


VDO 


i 
i 


194 


|nc 


142 


out.data(6] 


1 90 

f 


I DRAM £ a La r 2 01 


ha 

f JO 


i 

i 


CRAM.acdrfS] 


I 


193 


jdaiap] 


141 


out_data[7] 


89 


\ nc 




i 


ORAM_aeen;6] 


i 


192 


jdata(0] 


Il40 

i 


out.data[8] 


88 


GND 


I Jo 


\r. C 


1 


191 


nc 


139 


out.extn 


87 


DRAM da?af2 1] 




■ GND 

1 . 


1 


190 


VDD 


138 


GNO 


86 


nc 


; J** i 


! 


2RAM_acerf7] 


j 1 89 


jnc 


137 


ORAM_data(0J 


85 


1 DRAM sa*a'22i 




[DRAM_aaarl8J 


186 


addr[6] 


136 


DRAM_data(i] 


84 


VDO 




jvDO 


!l87 


addrfS) 


135 


DRAM_data{2] 


83 


1 DRAM datAf23I 


I 3 ' ! 


j 0RAM_aadr(9] 


186 


GNO 


134 


VDO 


82 


DRAM_data(24] 




jnc 


185 


addr(4] 


133 


DRAM_daia{3] j 


81 


nc 


(29 1 


iDPAM.aacrtlO] 


184 


addr(3] | 


132 


nc 


60 


GND 


: 23 


|gno 


183 


addn[2] 


131 


0RAM_data(4) j 


79 


DRAM_cata(25i 


|27 , 


| coaea .ctock 


182 


aadr(i] 


130 


GNO 


n , 


nc 


|2S 1 


jvDO 


181 


VDO 


129 




^ \ 


DRAM_daia(26] 


125 i 


j les: ?m 


180 


addr[0] 


128 1 


DRAM_data(5] 


76 


nc 




] test Dm | 


179 j 


enaotefO] | 


127 1 


1C |75 I 


VDD 


;23 ; 


| test ?in | 


178 j 


ena Die(l] 


126 f 


DRAM.data[6] j74 


ORAM_dau[27] 


!22 


jaecocer.ciocK 1177 j 


rw 


I2S \ 


/DO |73 j 


nc 




|&y k e_rnoce j 


176 |GNO 1 124 C 


3RAM.data(7] 72 


ORAM.caa(29] 


,2C 


| GND | 


17£ itestDin j 123 jnc jn | 


DRAM_daia(291 


;is 


JcccM.esan j 


174 j test pm * 1 122 1 DRAM_data(8] [70 


GNO 


i-3 



Table A. 9.3 Spatial Decoder Pin Assignments 
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'22 ORAM_oata(B) 
Tatote A.9.3 Spatial Decoder Pin Assignments 
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Stcnai Name 

! 


Pin 


Signal Name 


Pin 


Signal Name 


* P-n 


r " 

j S^nal Name 




i ' 
! P:n J 

r ! 


jr.c 


173 


erst 


|121 


GNO 


1 6 Q 


j WP".Mivl _2ala|,<JvJ 




I" i 


!c3dftc_cata{7] 


172 


tdo 


120 


0RAM.data(9] 


j ea 


| nc 






;:ceed_c*aia(6J 


171 


nc 


119 


nc 


j67 


jCRAM_cata(3i] 




i 

MS 1 

1 t 


jvoo 


170 


VDO 


118 


ORAM.oaiapO] 


|66 


jvoo 




14 j 


!ccceo_cata^5] 

) 


169 


tms 


1 1 7 


VDD 


65 


nc 




!3 i 


lcceec_ea:a(4] 


168 


tdi 


\ 1 0 


nc 


is* 


jwS 




i2 j 


;-2C9C cat a! 31 


167 


tefc 


1 1 c 


ORAM_data(H] 


I 

63 


jfiJS 




• 1 i 


j coded_data{21 


166 


isai pin 




nc 


62 


nc 


ho j 


|gnd 


165 


GNO 


113 


DRAM_data(l21 


61 


GNO 


I 


9 I 


!cocec_ca:a(i] 


164 


DRAM.enable 


112 


GNO j 


60 


Ca5{0) 


!s ; 


!:cced.fa:a{01 


163 


test pin 


111 


ORAM_data(l3I 1 5 9 


nc 


1 7 , ; 


Icoced.vaiicJ j 


1S2 


test pin 


110 


nc ! 




; 5 ! 


iccec.accect | 


161 


test pin 


109 


0RAM_data(i4] 1 57 


VDO 


'5 j 


j reset 


160 


nc 


108 


VOO ; 




Ca5{2J 


i 


|VDO 


159 


nc 


107 


nc ;55 j 


nc 




1 j 


t 


158 


nc 


106 


h 


>4 (CaS(3] 




! 


inc 


157 


nc 


105 


nc j 53 1 nc 


M 


f 



Table A. 9. 3 



Spatial Decoder Pin Assignments (contd) 



A. 9. l.i "nc" no connect pins 

The pins labeled nc in Table A. 9. 3 are not currently 
used these pins should be left unconnected. 
A. 9. 1.2 v l)0 and GND pins 

As will be appreciated by one of ordinary skill in the 
art, all the v mj and GND pins provided should be connected 
to the appropriate power supply. correct device operation 
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cannols-.be ensured unless all the V l)0 and GND pi ns are 
correctly used. 

A. 9. 1.3 Test pin connections for normal operation 

Nine pins on the Spatial Decoder are reserved for 
internal test use. 



J 

j Pin number 


Connection j 


i 

j 


Connect to GND for normal ooeraacn ; 


i 


Connect to V 00 for normal operation 




Leave Open Circuit 'or rr.ormaJ ooeraticn 



Table A. 9. 4 Default test pin connections 

A. 9. 1.4 JTAG pins for normal operation 

See sect ion A . 8 . 1 . 
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A. 9 . 2 *~Spat ial Decoder memory map 



Addr. (hex) 


Register Name 


See taoie 


0x00 ... 0x03 


Interrupt service area 


| A.9.6 


0x04 ...0x07 


Input circuit registers 


A.9.7 


0x08 ... OxOP 


Stan code detector registers 




0x10 ...0x15 


Buffer start-up control registers 


A.9.8 


0x16 ...0x17 


Not used 




0x18 ... 0x23 


ORAM interface configuration registers 


A.9.9 


0x24 ...0x26 


Buffer manager access and keyhole registers 


A.9.1C 


0x27 


Not used 




0x28 ... 0x2F 


Huffman decoder registers 


A.9.13 


0X30 ...0x39 


Inverse quantiser registers | 


A.9.14 


0x3A... 0x3B 


Not used 




0x3C 


Reserved 




0x30 ... 0X3F 


Not used 


I 


0x40... 0x7F 


Test registers 





Table A.9.5 Overview of Spatial Decoder memory map 
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Aact 


Bel 








(hex) 


num 


Register Name 


Page references 




j 0x00 


7 


chip.event CED_EV£NT_0 






i 


6 


not used 


1 
1 




i 

f 


5 


"tegal.length.count.event 
SCO. ILLEGAL, LENG TH_ COUNT 








4 


reserved may read t or 0 




1 






$CO_JPEG_OVERLAPPlNG_START 








3 


overtapping_$an_«vent 

SCO_NON_JPEG„OVERLAPP/NG„START 




I 




2 


unrecognised.start.event 

SCO. UNRE COGNISE D^START 




i 

! 

i 




1 


stop_after_picture_event 
SCO_STOP_AFTER_PfCTVRE 




j 

1 

i 
i 




0 


non.aligned.start.event 
$CD_NON_AUGNED_START 






0x01 j 

! 


7 


chip_mask CED_MA$K_Q 




; 


i 


6 


not used j 






5 


Wegal.length.count.mask 1 j 






4 


reserved write 0 to this location 
SCD_JPEG_OVERUPPlNG_$TART 








3 


nonjpeg_c-/ert«pping_sUrt.mask 








2 


unrecognised.start.mask 




i 




1 


*top_atter_p<cture_mask 




i 




0 


non_aligned.start.mask 




i 0*02 

i 


7 


idct.too.few.event IDCT_DEFF_NUM I 


! 

i 


1 


6 


idct.too.many.event IDCT„SUPER_NUM 




1 

( 




5 


■ccept.enatole.event BS_STREAM_ENO„EVENT 








4 j target_met_event BS_TARGET_MET_EVENT 




i 




3 < 
i 


;ounter_flushed_too_ear1y_ev«nt 

*S_FLUSH_BEFORE_TARGET_MET_EVENT 






i 


2 c 


ounter_fiushed.event BS. FL i/SW. EVEN T 






I 

i 


1 P 


arser_event DEMUX_ EVENT 






0 h 


u ft man_e vent HUFFMAN^ EVENT j 



Table A.9.6 Interrupt service area registers 
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AcWr. 
(hex) 


Brt 
num. 


Register Name 


Page references 


| 0x03 


i ' 


idct_too_few_mask 






6 


idct.ioo.many^mask 






5 


accept_enaole_mask | 




4 


target_met_mask j 




3 


counter. flushed_too_tariy..mask 






2 


counter Jlushed.mask 






1 


parser.mask 






0 


huffman.mask 


i 
i 



Table A. 9. 6 interrupt service area registers (contd) 
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Register Name 



Page references 



enable.mpj Jnput 



7:0 J coded_data 
7 :0 j not used 



Cxce 



7:1 



not used 



start.code.de tector.accesa 
also lnput_clreurt_access 
C£D_5CO_ACCESS 



0x09 



7:4 



not used CS D_ SCO. CONTROL 



stop_after_ptcture 



discard_extension_data 



dlscard.user.data 



ignore.non.aiigned 



OxOA 



7:5 



not used C£D_SCO„STATUS 



■nsert_sequence_start 



discard.ail.data 



2:0 



start_code_ search 



Table A.9.7 Start code detector and input circuit registers 
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AdCf. 

(hex) 


Bit 
num. 


Register Name 


Page references 


0x08 


7:0 


Test register lengtfi.count 




OxOC 


7:0 




OxOO 

I 


72 


not used 




1:0 


start_code.de tector.coding.standard 




OxOE 


7:0 


start_value 




OxOF 


7:4 


not used 




3:0 


pleture.number 




Table A. 9.7 Start code detector and input circuit regis 


ters fcontd) 


! Acer. 

i 

j (hex) 


Bit 
num. 


Register Name 


Page references 


0x10 


7:1 


not used 




0 


startup.access CED_BS_ACCESS 




0x11 


7:3 


not used 




2:0 


bit_count_pr*scale CED_BS_PRE$CALE 




0x12 


7:0 


bit_count_ttrget CED_BS_ TARGET 




0x13 


7:0 


bit.count CED_BS_COUNT 




Cr:14 


7:1 


not used 






0 


offchip.queue CED„B$_QUEUE 




0x15 


7:1 


not used 






0 


enabte.stream CED_ BS_ EN A 8LE_ NXT_ S TM 





Table A. 9.8 Buffer start-up registers 
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Addr. 
(hex) 



Bit 
num. 



Register Name 



Page references 



0x18 


7:5 


J not used ~ 




4:0 


Pa9*_«art_lengtft 
C£0-rT_PAGE_START_LENGTH 




0x19 


7:4 


noiused [ 




3:0 


read_cyc*e_length ' " " 




Oxl A I 7-4 

I 

| 3:0 


not used 

write.cycie.lengtn " " "j " 

A Q Q r\o . ~ : ■ 





registers 




L * ^ cu -rU^RES^CONFlG " — 

^^^^^^ 




j 0x26 



7: 0 I buffer, ma nag^keyfroj^daa ( 
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Aadr 
(hex; 


Sit 
num. 


Roister Name _ j Pace references 


0x01 


7.-0 
72 


not used 




'.V 




I 

! I 


0x02 


7:0 




UXwJ 


7.-0 




UXQ4 


7:0 


not used 




0x05 


72 




1:0 


cdb.iength 




0x06 


7:0 




0x07 


7:0 




0x08 
0x09 


7:0 
7:0 


not used 
cdb.read 


j 1 


OxOA 


7:0 




0x06 


7:0 




OxOC 


7-0 


not used | — j 




/ -u 


cdb_ number 




oxoe 


7:0 




OxOF 


7:0 


! Ox 1 0 1 


/.u 


not used j 


I Ox 1 1 

t 


/ B 


tb.bese 




0x12 


7.-0 


0x13 


7.-0 


0x14 



7:0 


not used j 




0x15 | 7.-0 


tto_lengtft 




0x16 


7:0 


0x17 


7:0 


0x16 


7:0 


not used 




0x19 


7:0 


tb.read 




OxIA 


7:0 


0x1B 


7:0 


OxiC 


7:0 r 


tot used 1 


OxiO 


7:0 t 


b.number 




0x1 E 


7:0 


OxlF 


7:0 



Table A.9.11 Butter manager ertended address space 
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num. 

To" 



Page references 



not use<3 
bufferjimit 



0x22 



0x23 
0x24 



7.-0 



7:0 
7:4 
3 



not used 
cdb.full 



cdb.empty 
tfi.full 



tb.empty 



Table A.9.11 Buffer manager extended address space (contd) 



Addr. 


Bit 


' " 






(hex) 


num. 


Register Name 


Page references 


0x28 


7 


d«mux.acw$3 CE0_H_CTRL[7] 


I 




6:4 


huffman_#rTor_cod«:2;0J CED„H_CTRL{6:4] 


I 
i 




3:0 


pnvate huffmen control bits (3J selects special 
C8P t [2] sheets 4/B bit fixed length CBP 




i 
i 


0x29 


j 7:0 


P*r»er_error_eode CED_H_DMUX_ERR j "j' 


0x2A 


7:4 


not used i j 




3:0 


oemux_keytio4e_addre$s 






0x28 


7:0 


CED_H_KEYHOL£_ADDR 






0x2C | 


7:0 


demux _fceyno4e„data CED^KEYHOLE 






0x20 


7 


dummy Jest^plcture CED_H_ALU_REGC, 
r_ dummy _ t*sCframe_ bit 








. 


field Jnfo C£0. H_ALU„REG0. r^etajnfo^tt 








5:1 


not used 








0 


continue CED_H_ALU_REGO. r.continue,bit 






0x2E 


7:0 


rom.revtsion CED_ H_ AL U_ REG 1 






0x2F | 


7:0 


pnvate register j 





Table A.9.12 Video demux registers 
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Register Name 



Page references 



4:0 



CED.H.TRACE.EVENT write 1 to single s:ep. one 
will be read when the step has been completed 



CED_H.TRACE.MASK set to one to enter single 
step mode 



CEO_H.TRACE.RST partial reset when sequenced 
1.0 



not used 



Table A. 9 . 12 Video demux registers (contd; 
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Video demux extended address space (Sheet 1 of 



8) 
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Addr. 
1 (hex). 


Bit 
num. 


Register Name 


Page references 


1 one 


72 


not used j 


1:0 


bro*en_closed j 


i OxlF 


7:5 


not used 


4.-0 


predictfon.mode 




0x20 


7.-0 


vov.delay 




0x21 

t 


7:0 




/ aJ 


private register MPEG MLpelJwd, JPEG 
pending_frame_change 




0x23 


7:0 


private register MPEG fun.pel.bwd, JPEG 
restarUndex 




0x24 


7:0 


pnvate register hortz_mo_copy | 


0x25 


7:0 


pic_numt>er i 


0x26 


7:1 


not used 




1:0 


maa.h j 


0x27 


7:1 


not used 


1:0 


max_v j 

! 


| 0x28 


7:0 


private register scratch 1 j j 


1 0x29 

i 


7:0 


private register scratcn2 j j 


{ Ox2A 

t 


7:0 


private register scratch3 I 


0x28 


7:0 


Nf MPEG unused 1, H261 ingob | 


0x2C 


7:0 


private register MPEG ftrscgroup. JPEG ftrst.scan | 


0x20 


7:0 


private register MPEG in_picture 




0x2£ 


7 


dummy_last_picture r_rom_ccntrvl | 




6 


field Jnfo 


I 
t 




5:1 


not used j j 




0 


continue 


i 

I 


Ox2F 


7:0 


rom_revtsion 




0x30 


72 


not used 




1:0 


dc.hutr.O 




0x31 


72 


not used ; 




1:0 


dc_huff_1 | 


0x32 


72 


not used j 




1:0 


dc.hutt.2 j 



Table A. 9. 13 Video demux extended address space (Sheet 2 of 8) 
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TabieA.9.13 Video demux extended address space (Sheet 



3 of 8) 
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• Addr. 
(hex) 


6 ft 
nurn. 


Register Name 


Page references 


0x51 


I 7-n 
I 7:0 

/.w 


r_prev_mfif 


i 

i 


0x52 


7 0 


r_pr ev_mvf 




Cx53 










f .u 


r_jyev_mfio 




I 0x55 


7:0 






j 0x56 


7:0 


f w pf ev mvb 




j 0x57 


7:0 






0x58 
0x5F 


7:0 


nut U5CO 




0x50 


7.-0 


r_hori2_mbcnt 




| 0x61 


7:0 




1 0x62 1 7:0 

( ! 


r_vert_mtcnt 




| 0x53 


7.-0 




| 0x&4 


7:0 


horiz.macroblocks r_horu_mbs 


i 


! Cx65 


7:0 


| 


! 0x66 | 7.-0 


vert_maerobJocks r_ve/1_mbs 


| 0x67 7:0 


! 


0x68 


7:0 


private register r_resian_cnt 


I 
i 

i 


0x69 


7:0 






0x6A 


7:0 


restartjnterval r.restarLfnt 




0x68 


7:0 






0x6C 

t 


7:0 


private register r_bik_h_cnt 


0x60 


7:0 


private register r_blk_v_cnt J j 


0x6 £ 


7.-0 


private register r_compid j 


0x6F 


7:0 


max_component_id r.max.compid 


i 

i 


0x70 


7:0 


codtng_siandarti r.coding.std I 


| 0x71 


7:0 


private register r_partern 


i 

I 


0x72 


7:0 


private register r_fwd_r_size 




0x73 


7:0 


private register r_bwd_r_size | 


0x74 
0x77 


7:0 


not used 




0x78 


7:2 not used 






1:0 


Wocks.h.O r.Wk.hJ) 





Table A.9.13 Video demux extended address space (Sheet 4 of 8) 
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Register Name 



Page references I 



1:0 



not use<j 
blocks_h_1 r.bik.h.l 



Cx7A 



72 



not used 



1 :0 blocks_h_2 r_blk_h_2 



0x78 



72 



1:0 



not used 



biocks_h_3 r_blk_h_3 



0x7C 



72 



not used 



1:0 



blocks. v_0 r.Wk.v.O 



0x7D 



72 



not used 



1:0 



biocks_v_i r_blk_v_i 



0x7E 


72 


not used j 


1:0 


blocks_v_2 r_blk_v_2 


0x7F 


72 


not used | 


1:0 


blocks_v_3 r_bfk_v_3 




Cx7F 
OxFF 


7:0 


not used 




| CxlOO 

I 

| 0x10F 


7:0 


dc_brts_0(15:0] CED.H.KEY.DC.CPBO 




; 0xi:0 
j 0X11F 


7:0 


de_bits_1[15;0J CED_H_KEY_DC_CPB1 




| 0x120 
0x13F 


7:0 


not used 




0x140 
0x14F 


7:0 


ac_bits_0[15:0] CED_H_KEY.AC.CPB0 


j 


0x150 
0x15F 


7:0 


ac_bits_1{l5:0] CED_H_KEY.AC.CPBl 




0x160 
0xl7F 


7:0 


not used 




0x180 


7:0 


dc.sssss.O CED.H.KEY_2SSSSjND£X0 




0x181 


7:0 


dc.zssss.l CED_H_KEY.2SSSS_INDEX1 


I 
I 


0x182 
0x137 


7:0 


not used 


! 
I 

i 


0x188 


7:0 


ac.eoto.O CED_H_K£Y_EO8_INDEX0 





Table A.9.13 Video demux extended address space (Sheet 5 of 8) 



Acer. 



Bit 



num. 



244 



Register Name 



0x189 I 7.-0 



0x1 eA 



oxiee 
oxiac 



0x180 



7.-0 



7:0 



«c,eob,l CED.H_KEY.£Oe. 



INDEX 1 



7.-0 



Oxl8E 
OxIFF 
0x200 
0x2AF 
0x260 
0x29F 

0x2C0 | 7:0 
0x2FF 
0x300 



not used 



«_zrl_0 CEO_H.KEY.2RL 



iNOEXO 
ZHLJNDEX1 



7.-0 



7:0 



ac.huffy aL o { l6l:OJCEO.H.KEY.AC.rroo.O 
<3c.hutfva L0 [11;0J CED.H.KEY.OCjTOOjT 



not used 



0x3 A F 



j 0x38F 



0 «.h^aLl(16!:0JCED_H.KEY.ACjTOO.l 



dc.hutfva Llf11;0J CEO.H.KEY.OCjTOD 1 



p a$« re/erences 





address space (Sheet 6 of 8) 
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CE0_KEY_0MX_WORO_6 
CeO_KEY_OMX_WOfiO_7 

Table A.9.13 Video demux extended 



address space (Sheet 7 of 8) 
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Addr. 
" (hex) 


Bit 
num. 


Register Name j Pace references 


OxAC 
8 


7:0 


CeO.KEY.DMX WORD 8 i 

I 
i 

i 

i 


OxAC 
9 


7:0 


CE0_K£Y_DMX.WOR0_9 




A 
OxAC 
S 


7:0 


not used 


i 
1 

i 


OxAC 
C 


7:0 


CcD.KEY.OMX.AINCR 




OxAC 
0 


7:0 




OxAC 
E 


7:0 


CED.KEY.OMX.CC 




OxAC 
F 


7:0 


! i 

i ! 

| 1 



Table A.9.13 Video demux extended address space (Sheet 3 of 8) 



Aodr. 
(hex) 


Bit 
num. 


Register Name 


Page references 




7:1 


not used 


i 


0x30 


7:1 


not used 


i 




0 


lq_access i 

i 


0x31 


72 


not used | ] 

t 1 




1:0 


fq_eoding_standard | 


0x32 


7:5 


not used | 




4:0 


test register iq. scale | 


0x33 


72 


not used j 




1:0 


test register iq_comporvent j 


0x34 


72 


not used 




1:0 


test register inverse_quantiser_prediction_moae j j 


0x35 


7:0 


test register jpeg_indirection ! 


Table A.9.14 inverse quantiser registers 



Aocr. 
(hex) 


Bit 
num. 


Register Name 


Pa^e references • 

! 
1 


0x36 


12 


not usee 


; 




1:0 


test register mpeg_inoirection 


i 

; 


0x37 


7:0 


not usee* | j 


0x38 


7:0 


iq_tabie_keyhoie_aadress 




0x39 


7:0 


lq„ttbie_keyhoie_data 


i 



Table A. 9. 14 Inverse quantizer registers (contd) 



Acer. 






(hex) 


Register Name . 


| ?age 'efererces j 


0x00: 0*3? 


JPEG inverse quantisation taoie 0 
MPEG defautt intra table 


1 

1 ; 

j i 


0x40:0x7F 


JPEG inverse quantisation table i 
MPEG default non-intra table 


i 

! 
i 


0x80:0xSF 


JPEG inverse quantisation table 2 
MPEG down-loaded intra table 




0xC0:0xFP 


JPEG inverse quanosacon table 3 
MPEG down-loaded non-intra table 





Table A. 9 .15 Iq table extended address space 
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SECTION A. 10 Coded data input 

The system in accordance with the present invention, 
must know what video standard is being input for 
processing. Thereafter, the system can accept either pre- 
existing Tokens or raw byte data which is then placed into 
Tokens by the Start Code Detector. 

Consequently, coded data and configuration Tokens can be 
supplied to the Spatial Decoder via two routes: 
The coded data input port 
The microprocessor interface (MPI) 
The choice over which route (s) to use will depend upon 
the application and system environment. For example, at 
low data rates it might be possible to use a single 
microprocessor to both control the decoder chip-set and to 
do the system bitstream de-multiplexing. In this case, it 
may be possible to do the coded data input via the MPI. 
Alternatively, a high coded data rate might require that 
coded data be supplied via the coded data port. 

In some applications it may be appropriate to employee a 
mixture of MPI and coded data port input. 
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A.io.fc £he coded data port 



Signal Name 
cod«d_ciock 

coded.data[7:0J 



coded.extn 



cod«d.v«iid 



codtd.acctpt 



oyte.moae 



Input/ 
Output 
Input 

Input 



input 



Input 



Output 



Input 



Description 

A cJock operatmg at up to 30 MHz controlling rr e 
QPf »Don of the inp ut circuit. 

Standafd 11 ^u-red to .mp.emenTa 

Token Port trans/erring 8 bit data values. See secrcn 
'or an electrical descnpoon 0 t ;r» s 



A.4 
interface, 



Circu.ts off<h ip must p, CKage !fle cWe(3 injo 
Tokens. 

When high mis sigrai .ndicates Wat .n/ormat,on « M 
t» transferred across the ceded caw port ,„ byre 
moa * r »ther than Token moee. 



Table A. io.i coded data port signals 
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10 



15 



Thei-coded data port in accordance with the present 
invention, can be operated in two modes: Token mode and 
byte mode . 

A. io. l.i Token mode 

In the present invention, if byte_mode is low, then the 
coded data port operates as a Token Port in the normal way 
and accepts Tokens under the control of coded_valid and 
coded_accept . See section A. 4 for details of the 
electrical operation of this interface. 

The signal byte_mode is sampled at the same time as data 
[7:0] , coded_extn and coded_valid, i.e., on the rising edge 
of coded_clock. 
A. 10.1.2 Byte mode 

If, however. byte_mode is high, then a byte of data is 
transferred on data[7:0j under the control of the two wire 
interface control signals coded_valid and coded_accept . In 
this case, coded_extn is ignored. The bytes are 
subsequently assembled on-chip into DATA Tokens until the 
input node is changed. 

i; First word ("Head") of Token supplied in token mode. 

2) Last word of Token supplied (coded_extn goes low). 

3) First byte of data supplied in byte mode. A new 
DATA Token is automatically created on-chip. 

A. 10.2 Supplying data via the MPI 

25 Tokens can be supplied to the Spatial decoder via the 

MPI by accessing the coded data input registers. 
A. 10.2.1 writing Tokens via the MPI 

The coded data registers of the present invention are 
grouped into two bytes in the memory map to allow for 

30 efficient data transfer. The 8 data bits, coded_data •; 7 : o ; , 
are in one location and the control registers, coded_busy, 
enable_rapi_input and coded_extn are in a second location. 



20 
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(Se«- Table A. 9 . 7) . 

When configured for Token input via the MPI, the current 
Token is extended with the current value of coded_extn each 
time a value is written into coded_data [ 7 : 0 ] . Software is 
5 responsible for setting coded_extn to 0 before the last 
word of any Token is written to coded_data [ 7 : 0 ] - 

For example, a DATA Token is started by writing 1 into 
coded_extn and then 0x04 into coded_data [ 7 : 0 ] . The start 
of this new DATA Token then passes into the Spatial Decoder 
10 for processing. 

Each time a new 8 bit value is written to 
coded_data [ 7 : 0 : , the current Token is extended. Coded_extn 
need only be accessed again when terminating the current 
Token, e.g. to introduce another Token. The last word of 
15 the current Token is indicated by writing 0 to coded_extn 

followed by writing the last word of the current Token into 
coded data ; 7 : 0 ]■ . 



! Register rarr.e 

i 


2 

■a 


Hesel Slalo 


Description 

f 


j cooed_e«n 

j 


1 

rw 


X 


ToKens can be supplied to the Sca:;ai Cecccer 
via the MPI by writing to these registers. 


: coded_datt(7;0] 

j 

i 


6 
w 

t 


X 




j coaeo.ousy 

I 

i 

1 

i 
i 

1 
! 

i 

! 
i 

i 


1 
r 


1 


The state of this registers indicates if '-*e 
SpatiaJ Decoder is abte to accect ~?«er.s 
wnnen into coded_dau(7:0]. 

The value 1 indicates that the interface s busy 
and unable to accept data. Behaviour ;s 
undefined if the user tries to wn;i to 
coded_data(7:0] when coded.busy * i 


| enaoie.mpi Jnput 

i 

i 
t 

i 
i 


1 

rw 


0 


The vaJue in this function enable registers 
controls whether coded data input :c the Ssaia; 
Oecoder is via the coded data con ;c; or via -~e 

MPI (1). 



Table A. 10.2 Coded data input registers 
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*>ZT£ZsZ°Z Writin9 " C -° ded - d "^ 7 --'- coded busy 
•cc.pt 111 ZT* " S " " in "«'« —V "to 

A. 10. 3 switching between input modes 

Provided suitable precautions are observed it i« 

general, the transfer of a Token via any one route shou,„ 
be conpleted before switching „odes. ""e should 



MPI inout 



Behaviour 

The on-cn ip eiieutfy w,ii UM me las! 5y!e SUCB , I-C . 

byte moae as trie last eyre of m e DATA Token r-=: 
it was constructing (i.e. the exw o,t w,» 5e set :o 
Before accepting trie next Token. 



Table a. 10. 3 Switching data input »od 



es 
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pte — a- 






Previous moae 


[ Net: vicCe j 


Senavtour 


To den 


: 3y:e i 

i 

. ! 

i 

; ; 
1 


The oft-cr,tc c;rcuitry susoiymg :*e -c*e.*. *n 7o*en 
mcce s resccrsiDie 'or corr.cie: "5 :re T c»ten .i e. 
wttn the extn S't zt :ne las; cyte C .rfcr—a:icn set :s 
C) tefore seiect:ng pyre moce. 


i 
i 
i 

I 

l 

j 

i 
i 
I 

i 
i 


■ MP! ir.zul 

j 

■ 
': 

: 
; 

i 


Access to mom via tne MPl wui .-c: ;e ^raniec i.e. 
ccced.busy will remain set to : ) un-j! :r*e cf?-c.-:p 

ccmpietec 5 the Token (i.e. with :re extn z-l zt :r.e ast 
tyre of information $et to C). 


MPl input 




The control software must have zzrrz<e:ec r.e 


i 

j 


j MPl incut 

1 
i 


Token (i.e. witn the e*tn bit of the las; sy.e of 
information set to C) before enabte.mpijnput .s se: 

to 0. 



Table A. 10 . 3 Switching data input modes (contd) 



The first byte supplied in byte mode causes a DATA Token 
header to be generated on-chip . Any further bytes 
transferred in byte mode are thereafter appended to this 
5 DATA Token unt i 1 the input mode changes . Recal 1 , DATA 
Tokens can contain as many bits as are necessary. 

The MPl register bit, coded busy, and the signal, 
coded_accept , indicate on which interface the Spatial 
decoder is willing to accept data. Correct observation of 
10 these signals ensures that no data is lost. 
A. 10. 4 Rate of accepting coded data 

In the present invention , the input circuit passes 
Tokens to the Start Code Detector (see section A. 11). The 
Start code Detector analyses data in the DATA Tokens bit 
15 serially. The Detector's normal rate of 
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10 



15 



20 



25 



every o lycles C f c hT ^ 3 byte ° £ coded 

Token is ! ° C " Slonallv required, e.g.. „ hen a non— DATA 
Token is suppled or when a start code is encountered in 

intitio: - or a short time - te u — - —P« — 

After the Start Code Detector rt,t a 
i« ■ , ^tector, data passes into a first- 

logical coded data buffer T * ■ w ^ rirst 

ourrer . if this buffer f ii 1= 

mrormation. 

consequents. no .ore coded data (or other Tokens, „ iU 
be accepted on either the coded data port, or via the MPI 
while the start Code Detector is unable to accept lore 

nation. This will he indicated b y the state of the 
«gn.l coded_accept and the register ceded busy 

By usin, coded_accept and/or coded busy.'the user is 
guaranteed that no coded information wi J be 

thT;::' : h S e Willbe * one of ordinary skill i„ 

art, the system must either be able to buffer newlv 
arrw.no coded data (or stop new data for ,„ 1 " ' 
sp.ti.1 decoder is unable to accept data 
A. io. 5 coded data clock 

In accordance with the nreor,*. • 
nnr ^ _ u . Present invention, the coded data 

port, the input circuit aara 

p circuit and other functions in the Sn . Ha , 
Decoder are controlled by coded.clock. 

transf to the main decoder clock 

transfer is synchronized to decoder_=lock on-chip. 



Data 
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SECTION A.H Start code detector 

A. ll.i Start codes 

As is we-ll known in the art, MPEG , n H « 

::: ldentif iabie bit — - ° 

codes. A smuar function is served in JPEG bv „. ! 
codes. start/marker codes identifv . 

«» s y n„ x „ the coded da s t d s e ;: ^ °< 

start/.arKer codes performed by t h T start c d n" °' 
«. first st og e in pa rsin g tne coded data ^."r!'"" 

10 Detector is the f ire * Kn , S Start Code 

r the first block on the Spatial Decoder 
following the input circuit 

up- The start Code Detector provides faciUties to det , 

A. 11. 2 start code detector registers 

As previously discussed, many of the start Coh. n «. 
;r Ste " - ™t use by the 

So, accessing these registers i i k detector. 

9 rs W1 H be unreliable if <-v,« 
Start code Detector is processing data. The user s 

zzzt; for ensuring that the s — «*• — - is 

halted before accessing its registers. 

The register start code detert^ »„ 
c. ~ uue_aecector_access is used to ha]- 

the start Code Detector and so allow access to its 
registers. The start Code Detector will halt after it 
generates an interrupt. 

There are further con<srrai« 
search * con straints on when the start code 

search and discard all data 

modes can fa e initiated. These 
are described in A. 11. a and A.11.5.L 
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Writing i : 0 tnis reg:s;er recuesrs :.ia; :re s:a.- 
code detector s;op to atiow access :c ;:s 
registers. The user srourc wait •r.::J :.» e va,-e 
can be read from *f s register mc'icac.-; rr.a: 
operation has srocced are access is ccssce. 



Table A. ll.l Start code detector 
registers (Sheet 1 of 5) 
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Reset Slate 




Register name 

! 


g 

© 

CO 


Desertion 


! illegal Jengtn_count_event 

! 
I 

i 


1 

rw 


0 


An tilegai length count event wui occur i *r.;.e 
decoding JPEG data, a length count f.e.d :s 


j iiiegaljength.count.mask 

t 

| 

i 

i 

i 

1 

i 
i 

i 

i 
J 


1 

rw 


0 


found carrying a value less than 2. This shcu;0 ■ 

i 

only occur as the result of an error in the JPEG ; 

If the mask register is set to i Tien an interruo: 

can be generated and the star code detec:or j 

j 

will stop. Behaviour following an error is not 
predictable if this error is suppressed (masK 
register set to 0). See A.::.4.1 


j jpeg_overiapping.start_event 


1 

rw 


0 


If the coding standard is - PEG and :ne 
seQuence OxFF OxFF is 'ouno wmie :ock;r.g 'o.* 


j jpeg_overtapping.start.mask 

j 

i 

i 


1 

rw 


0 


a marker code this event will occur. 

This sequence is a legal s ruffing sec u ere e. 

i 

If the mask register is set to i then an inter run 

can be generated and the star: code selector | 

t 

wtllstoo. See A. 11. 4.2 ! 


[ overlap pi ng.start.event 

I 


1 

rw 


0 


If the coding standard is MP£G or k.251 arc j 

i 

an overlapping start code is found wniie 'ookmg 


1 overlap pi ng.start.mask 

j 

i 

i 


1 

rw 


0 


for a start code this event will occur, if the mas* 
register is set to i then an interrupt can oe 
generated and the star: coce detector wui s:cc. 
See A. 11. 4.2 



Table A.1 1.1 Start code detector registers (Sheet 2 of 5) 
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1 

j register name 

j 


Sl/o/OIr. 


Hosol Stale 


t 

1 

Descrcccn | 

! 

i 


j unrecognised.stan.event 

i 
t 
t 


i 

rw 


0 


if an unrecognised s:an :cce :s enccur.:e:ec 
this event will occur, if the rras* register $ set 


i 
1 

1 


j unrecognised.sxarr.mask 

1 

! 


1 

rw 


0 

i 


to 1 men an interact can r-e generated and the 
start cede detector wiii s:oo. 


! 

i 
i 


• start_vaiue 

1 

1 

i 

i 
: 

i 

i 

i 


3 
ro 


X 


The star: code value read frcm :ne citst/eam .s 
avaiiasie m the register stan.vaiue wr.de :r.e 
start code detecror is halted. See a. 1 1.4.3 

During -ormai ooeration stan.vaiue ccr rains 
the vaiue of the res; recently cecocec s:a:v 
marker cede. 

Only the 4 LSSs of start_vaiue are usee during 
K261 operation. The 4 MS3s will oe zerc. 


j 

i 
1 
i 

i 
i 

j 

j 

1 
i 

i 
1 


j stop_after_picture_evtnt 

I 
i 


l 

rw 


0 


if the register stop_after_picture is sei :c 1 
then a stoD after picture event win oe generated 


I 

i 


1 stop.arter ^picture mask 

1 

1 


1 

rw 


0 


after the end of a picture has passe c through 
the stan code detector. 




stop_after_pieture 

i 
: 

■ 


1 

rw 


0 


If the mask register is set to 1 then an interrupt ; 
can De generated and the stan ccce detector 
win stop. See A. 11.5.1 I 

stop.after.picturt does not reset to 0 after 
the end of a picture has teen detected so J 
should De cleared directly. 





Table A. 11.1 Start code detector registers (Sheet 3 of 5) 
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Table A.11.1 Start code detector 



cod« tn., ^ no , 6yTe ^ 
(treated as normal data). 

When ignore_non_aligne«s ; s set !o 0 _ rt 2S , 
ana mpeg start codes w.n be cerecrsc 
regardless of byre ahgnment ana :n« r. C r. 
aligned start event w.11 be generates. 

" me maak ,e 9*<er «s set to 1 men th e event 

cause an .nterrupt ana the start wee 
detector wilt stop. See A. 11.6 

» (he coding standard is configured as ..==3 
Ignare.non.aiigned is ignored ana ~ e -, CP .. 
aligned start event will never fee aene r,,* 
When these reg.sters are set to 1 extension cr 
user aata that cannot be decoded 5y - e 
Spatial Oecoder is discarded by the start code 
detector. See A. 11. 3.3 
When set to 1 ail data and Tokens are 
discarded by the start code detec:cr. Th is 
continues until a FLUSH Token is sw^ied : 
the register is set to 0 directly. 

The FLUSH Token that resets this raster s 
discarded and not output by the start ccce 
detect or. See A. 11.5.1 
See A.11.7 

registers (Sheet 4 of 5) 
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\ Stan - COae - aet « s ^-cee. i ng_sunoar7 



P'eture_numt>er 



eetecror cceratesnorr-aiiy. wc.n se: := a 
Ns " er val " *• sun coce center - « af=s 

«erec.ed.Whenme S5 ec:S e =s : a.rc K9 s 
"tected.me renter is set := c arc --..- a . 
operation ,'on ows . See A. it * 

USM by me «™ cod. detector. 7h e f-s s;er 
can be loaded directly or 5y us:f!c a 

CODING.STANOARD T Ck . n . 
Whenever S[an C0Ce Cefec;=f ;r . M . M g 

COD/NG.STANOARO T 0 *en ;ses 

A.M. 7.4 

't ca.T:es its CLrer; 
coding sranaardconficufa-cr -v;* 

»» coding star.^ ts , c . y aJf 
other pans oftn. decoder =.,ip. s ., See A 2l , 

Vld A.tl.7 

EaCn t " ne '"^neodeo cetectcr detects! 
Picture stan code -n rh . aa 4tfMm ... „. # 
H.261 or JPEG eourvaiemja 

PICTURE.STARTTo.en is cene- a :« 
wriich carnes the current value o/ 

Picture.numaer. This raster tften 

, increments 



fW 
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This register contains tne current value of ire 
JPEG length count. This register a modified 
under me control of the codec data cioeK anc 
should only be read via the MPi wften the star: 
code detector is stopoed. 
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Table A. 11. 2 Start code detector test registers 

A. 11.3 Conversion of start codes to Tokens 

In normal operation the function of the Start Code 
Detector is to identify start codes in the data stream and 
to then convert them to the appropriate start code Token. 
In the simplest case, data is supplied to the Start code 
Detector in a single long DATA Token. The output of the 
Start Code Detector is a number of shorter DATA Tokens 
interleaved with start code Tokens. 

Alternatively, in accordance with the present invention, 
the input data to the Start Code Detector could be divided 
up into a number of shorter DATA Tokens. There is no 
restriction on how the coded data is divided into DATA 
Tokens other than that each DATA Token must contain 8 x n 
bits where n is an integer. 

Other Tokens can be supplied directly to the input of 
the Start Code Detector. In this case, the Tokens are 
passed through the Start Code Detector with no processing 
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to othfer-stages of the Spatial Decoder. These Tokens can 
only be inserted just before the location of a start code 
in the coded data. 
A. 11. 3.1 start code formats 

Three diff erent start code formats are recognized by the 
Start Code Detector of the present invention. This is 
configured via the register, 
start _ code _detector_coding_standard . . 
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Table A. 11.3 Start code formats 
A. n.3.2 start code Token equivalents 

Having detected a start code, the Start Code Detector 
studies the value associated with the start code and 
generates an appropriate Token. In general, the Tokens are 
named after the relevant MPEG syntax. However, one of 
ordinary skill in the art will appreciate that the Tokens 
can follow additional naming formats. The coding standard 
currently selected configures the relationship between 
start code value and the Token generated. This 
relationship is shown in Table A. 11.4. 
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SL1CE.START * 


0x01 to 


0x0 1 to 


i 

OxOC ;o 






OxAF 


OxCC 


0xD7 


i 

! =ST. 



CxB3 



0xD8 



: SOI 



SEQUENCE.END 


0x37 


f OxCS 




GROUP.START 


| 0x86 


j OxCO 


! SCF rt s 


USER.DATA 


0x82 




OxEO to 
OxEF 


j APP 0 [0 


! 




j OxFE 


j COM 


£XTENSION_DATA 


0xB5 




oxca 


; ,?g 








CxFO to 


j -?G 0 :o 








OxFO 


j JPG 3 








0xC2 10 


i * ES 








0x8 F 


! : 
I I 








OxCl to 


| SCF . :o 








OxCS 


I SCF n | 






I OxCC 




DHTJUARKER 


! 


i 0xC4 


i OHT 


DNL.MARKER 




j OxOC 


I -NL 


DQT_MARKER 




j 0x08 


I DOT 


DRI.MARKER 


1 


j OxOO 


j DRl 



Table A. 11. 4 Tokens from start code values 

This Token contains an 8 bit data field which is 
loaded with a value determined by the start code 
value. 

Indicates start of baseline DCT encoded data. 
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Extended features of the coding standards 

The coding standards provide a number of mechanisms to 
allow data to be embedded in the data stream whose use is 
not currently defined by the coding standard. This might 
be application specific "user data" that provides extra 
facilities for a particular manufacturer. Alternatively, 
it might be "extension data". The coding standards 
authorities reserved the right to use the extension data to 
add features to the coding standard in the future. 

Two distinct mechanisms are employed. JPEG precedes 
blocks of user and extension data with marker codes. 
However, H.261 inserts "extra information" indicated by an 
extra .information bit in the coded data. MPEG can use both 
these techniques. 

In accordance with the present invention, MPEG/ JPEG 
blocks of user and extension data preceded by start/marker 
codes can be detected by the Start Code Detector. 
H.261 /MPEG "extra information" is detected by the Huff-an 
decoder cf the present invention. See A. 14.7, "Receiving 
20 Extra Information". 

The registers, discard_extension_data and 
discard_user_data, allow the Start Code Detector to be 
configured to discard user data and extension data. If 
. this data is not discarded at the Start Code Detector it 
25 can be accessed when it reaches the Video Demux see A. 14.6, 
"Receiving User and Extension data". 

The Spatial Decoder of the present invention supports 
the baseline features of JPEG. The non-baseline features 
of JPEG are viewed as extension data by the Spatial 
30 Decoder. So, all JPEG marker codes that precede data for 
non-baseline JPEG are treated as extension data. 
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A. 11.3. 4 JPEG Table definitions 

JPEG supports down loaded Huffman and quantizer tables. 
In JPEG data, the definition of these tables is preceded by 
the marker codes DNL and DQT. The Start Code Detector 
5 generates the Tokens DHT_MARKER and DQT_MARKER when these 
marker codes are detected. These Tokens indicate to the 
Video Demux that the DATA Token which follows contains 
coded data describing Huffman or quantizer table (using the 
formats described in JPEG) . 
10 A. 11 .4 Error detection 

The Start Code Detector can detect certain errors in the 
coded data and provides some facilities to allow the 
decoder to recover after an error is detected (see A. 11. 8, 
"Start code searching") . 
15 A. 11. 4.1 Illegal JPEG length count 

Most JPEG marker codes have a 16 bit length count field 
associated with them. This field indicates how much data 
is associated with this marker code. Length counts of 0 
and 1 are illegal. An illegal length should only occur 

2 0 following a data error. In the present invention , this 

will generate an interrupt if illegal_length_ countjnask is 
set to 1. 

Recovery from errors in JPEG data is likely to require 
additional application specific data due to the difficulty 
25 of searching for start codes in JPEG data (see A. 11. 8.1). 
A. 11. 4.2 overlapping start/marker codes 

In the present invention, overlapping start codes should 
only occur following a data error. An MPEG, byte aligned, 
overlapping start code is illustrated in Figure 64. Here, 

3 0 the Start Code Detector first sees a pattern that looks 

like a picture start code. Next the Start Code Detector 
sees that this picture start code is overlapped with a 
group start. Accordingly, the Start Code Detector 
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generates a overlapping start event. Furthermore, the 
Start Code Detector will generate an interrupt and stop if 
overlapping_start_mask is set to l. 

It is impossible to tell which of the two start codes is 
5 the correct one and which was caused by a data error. 

However, the Start Code Detector in accordance with the 
present invention, discards the first start code and will 
proceed decoding the second start code "as if it is 
correct" after the overlapping start -code event has been 

10 serviced. If there are a series of overlapped start codes, 
the Start Code Detector will discard all but the last 
(generating an event for each overlapping start code) . 

Similar errors are possible in non byte-aligned systems 
(H.261 or possibly MPEG). In this case, the state of 

15 ignore_non_aligned must also be considered. Figure 65 

illustrates an example where the first start code found is 
byte aligned, but it overlaps a non-aligned start code. If 
ignore_non_ aligned is set to 1, then the second overlapping 
start code will be treated as data by the Start Code 

20 Detector and, therefore no overlapping start code event 

will occur. This conceals a possible data communications 
error. If ignore_non_aligned is set to 0, however the 
Start Code Detector will see the second, non aligned, start 
code and will see that it overlaps the first start code. 

25 A. 11 .4.3 Unrecognized start codes 

The Start Code Detector can generate an interrupt when 
an unrecognized start code is detected (if 

unrecognized_start_ mask = 1) . The value of the start code 
that caused this interrupt can be read from the register 
3 0 start_ value. 

The start code value 0xB4 (sequence error) is used in 
MPEG decoder systems to indicate a channel or media error. 
For example, this start code may be inserted into the data 
by an ECC circuit if it detects an error that it was unable 
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to coscect. . • 

A. 11. 4. 4 Sequence of event generation 

In the present invention, certain coded data patterns 
(probably indicating an error condition) will cause more 
than one of the above error conditions to occur within a 
short space of time. Consequently, the sequence in which 
the Start Code Detector examines the coded data for error 
conditions is: 

1) Non-aligned start codes 

2) Overlapping start codes 

3 ) Unrecogni zed start codes 

Thus, if a non-aligned start code overlaps another, 
later, start code, the first event generated will be 
associated with the non-aligned start code. After this 
event has been serviced, the Start Code Detector's 
operation will proceed, detecting the overlapped start code 
a short time later. 

The Start Code Detector only attempts to recognize the 
start code after all tests for non-aligned and overlapping 
start codes are complete. 
A. n. s Decoder start-up and shutdown 

The Start Code Detector provides facilities to allow the 
current decoding task to be completed cleanly and for a new 
task to be started. 

There are limitations on using these techniques with 
JPEG coded video as data segments can contain values that 
emulate marker codes (see A. 11. 8.1). 
A. ll. 5.1 Clean end to decoding 

The Start Code Detector can be configured to generate an 
interrupt and stop once the data for the current picture is 
complete. This is done by setting stop_af ter_picture = l 
and stop_af ter_picture_mask = l. 

Once the end of a picture passes through the Start Code 
Detector, a FLUSH Token is generated (A. 11. 7. 2), 
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an intser*upt is generated, and the Start Code Detector 
stops. Note that the picture just completed will be 
decoded in the normal way. In some applications, however, 
it may be appropriate to detect the FLUSH arriving at the 
output of the decoder chip-set as this will indicate the 
end of the current video sequence. For example, the 
display could freeze on the last picture output. 

When the Start Code Detector stops, there may be data 
from the "old" video sequence "trapped" in user implemented 
buffers between the media and the decode chips. Setting 
the register, discard_all_data , will cause the Spatial 
Decoder to consume and discard this data. This will 
continue until a FLUSH Token reaches the Start Code 
Detector or discard_a 1 l_data is reset via the 
microprocessor interface. 

Having discarded any data from the "old" sequence the 
decoder is now ready to start work on a new sequence. 
A. 11.5.2 When to start discard all mode 

The discard all mode will start immediately after a 1 is 
written into the discard_all_data register. The result 
will be unpredictable if this is done when the Start Code 
Detector is actively processing data. 

Discard all mode can be safely initiated after any of 
the Start Code Detector events (non-aligned start event 
etc.) has generated an interrupt. 
A. 11. 5. 3 Starting a new sequence 

If it is not known where the start of a new coded video 
sequence is within some coded data, then the start code 
search mechanism can be used. This discards any unwanted 
data that precedes the start of the sequence. See A. 11.3. 
A. 11.5.4 Jumping between sequences 

This section illustrates an application of some of the 
techniques described above. The objective is to "jump" 
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from cm* -part of one coded video sequence to another. m 
this example, the filing system only allows access to 
"blocks" of data. This block structure might be derived 
from the sector size of a disc or a block error correction 
system. So, the position of entry and exit points in the 
coded video data may not be related to the filing system 
block structure. 

The stop_after_picture and discard_all_data mechanisms 
allow unwanted data from the old video sequence to be 
discarded. Inserting a FLUSH Token after the end of the 
last filing system data block resets the discard_all_data 
mode. The start code search mode can then be used to 
discard any data in the next data block that precedes a 
suitable entry point. 
A. 11. 6 Byte alignment 

As is well known in the art, the different coding 
schemes have quite different views about byte alignment of 
start/marker codes in the data stream. 

For example, H.261 views communications as being bit 
serial. Thus, there is no concept of byte alignment of 
start codes. By setting ignore_non_aligned = o the Start 
Code Detector is able to detect start codes with any bit 
alignment. By setting non-aligned_start_mask = o, the 
start code non-alignment interrupt is suppressed. 

In contrast, however, JPEG was designed for a computer 
environment where byte alignment is guaranteed. Therefore 
marker codes should only be detected when byte aligned. 
When the coding standard is configured as JPEG, the 
register ignore_non_aligned is ignored and the 'non-aligned 
start event will never be generated. However, setting 
ignore_non_aligned = l and non_aligned_start_mask = 0 is 
recommended to ensure compatibility with future products. 

MPEG, on the other hand, was designed to meet the needs 
of both communications (bit serial) and computer (byte 



oriented)* systems. Start codes in MPEG data should 
normally be byte aligned. However, the standard is 
designed to be allow bit serial searching for start codes 
(no MPEG bit pattern, with any bit alignment, will look 
like a start code, unless it is a start code) . So, an MPEG 
decoder can be designed that will tolerate loss of byte 
alignment in serial data communications. 

If a non-aligned start code is found, it will normally 
indicate that a communication error has previously 
occurred. If the error is a "bit-slip" in a bit-serial 
communications system, then data containing this error will 
have already been passed to the decoder. This error is 
likely to cause other errors within the decoder. However, 
new data arriving at the Start Code Detector can continue 
to be decoded after this loss of byte alignment. 

By setting ignore_non_aligned = 0 and 
non_aligned_start_mask = 1, an interrupt can be generated 
if a non-aligned start code is detected. The response will 
depend upon the application. All subsequent start codes 
will be non-aligned (until byte alignment is restored) . 
Accordingly, setting non_aligned_start_mask = 0 after byte 
alignment has been lost may be appropriate. 




Table A. 11. S Configuring for byte alignment 
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A. 11 .7 Automatic Token generation 

In the present invention, most of the Tokens output by 
the Start Code Detector directly reflect syntactic elements 
of the various picture and video coding standards. In 
5 addition to these "natural" Tokens, some useful "invented" 
Tokens are generated* Examples of these proprietary tokens 
are P I CTURE_END and CODING_STANDARD . Tokens are also 
introduced to remove some of the syntactic differences 
between the coding standards and to "tidy up" under error 
10 conditions. 

This automatic Token generation is done after the serial 
analysis of the coded data (see Figure 61, "The Start Code 
Detector") . Therefore the system responds equally to 
Tokens that have been supplied directly to the input of the 
15 Spatial Decoder via the Start Code Detector and to Tokens 
that have been generated by the Start Code Detector 
following the detection of start codes in the coded data. 
A. 11.7.1 Indicating the end of a picture 

In general, the coding standards don't explicitly signal 
20 the end of a picture. However, the Start Code Detector of 
the present invention generates a PICTURE_END Token when it 
detects information that indicates that the current picture 
has been completed . 

The Tokens that cause PICTURE_END to be generated are: 

2 5 SEQUENCE_START, GROUP_START, PICTURE_START , SEQUENCE_END 

and FLUSH. 

A. 11.7.2 Stop after picture end option 

If the register stop_af ter_picture is set, then the 
Start Code Detector will stop after a P I CTURE_END Token has 

3 0 passed through. However, a FLUSH Token is inserted after 

the PICTURE_END to "push" the tail end of the coded data 
through the decoder and to reset the system. See A. 11.5.1. 
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A.n.^a- introducing sequence start for H.261 

H.261 does not have a syntactic element equivalent to 
sequence start (see Table A. 11. 4). If the register 
insert_sequence_start is set, then the Start Code Detector 
will ensure that there is one SEQUENCE_START Token before 
the next PICTURE_START , i.e., if the Start Code Detector 
does not see a SEQUENCE_START before a PICTURE_START, one 
will be introduced. No SEQUENCE_START will be introduced 
if one is already present. 

This function should not be used with MPEG or JPEG. 
A. n.7.4 Setting coding standard for each sequence 
All SEQUENCE_START Tokens leaving the Start Code 
Detector are always preceded by a CODING_STANDARD Token. 
This Token is loaded with the Start Code Detector's current 
15 coding standard. This sets the coding standard for the 
entire decoder chip set for each new video sequence. 
A. li. 8 Start code searching 

The Start Code Detector in accordance with the 
invention, can be used to search through a coded data 
stream for a specified type of start code. This allows the 
decoder to re-commence decoding from a specified level 
within the syntax of some coded data (after discarding any 
data that precedes it). Applications for this include: 
start-up of a decoder after jumping into a coded data 
25 file at an unknown position (e.g., random accessing). 

■ to seek to a known point in the data to assist recovery 
after a data error. 

For example, Table A. 11.6 shows the MPEG start codes 
searched, for different configurations of 
30 start_code_search. The equivalent H.261 and JPEG 
start/marker codes can be seen in Table A. 11. 4. 
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! i 
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2 






i 3 

i 


secuence start 




| surt.code.search 


Stan codes searcnec for ... 


! 


group or sequence start 


i 




picture, group or sequence start j 


i 6 


slice, picture, group or sequence start | 




the next start or marker code 


i 



Table A. 11. 6 Start code search modes 

a. A FLUSH Token places the Start Code Detector 
in this search mode. 

b, This is the default mode after reset. 

5 When a non-zero value is written into the 

start_code_search register, the Start Code Detector will 
start to discard all incoming data until the specified 
start code is detected. The start_code_search register 
will then reset to 0 and normal operation will continue. 

10 The start code search will start immediately after a 

non-zero value is written into the start_code_search 
register. The result will be unpredictable if this is done 
when the Start Code Detector is actively processing data. 
So, before initiating a start code search, the Start Code 

15 Detector should be stopped so no data is being processed. 

The Start Code Detector is always in this condition if any 
of the Start Code Detector events (non-aligned start event 
etc.) has just generated an interrupt. 

A. xi. 8.1 Limitations on using start code search with JPEG 
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SECTFOl* A. 12 Decoder start-up control 
A. 12.1 Overview of decoder start-up 

In a decoder, video display will normally be delayed a 
short time after coded data is first available. During 
this delay, coded data accumulates in the buffers in the 
decoder. This pre-filling of the buffers ensures that the 
buffers never empty during decoding and, this, therefore 
ensures that the decoder is able to decode new pictures at 
regular intervals. 

Generally, two facilities are required to correctly 
start-up a decoder. First, there must be a mechanism to 
measure how much data has been provided to the decoder. 
Second, there must be a mechanism to prevent the display of 
a new video stream. The Spatial Decoder of the invention 
provides a bit counter near its input to measure how much 
data has arrived and an output gate near its output to 
prevent the start of new video stream being output. 

There are three levels of complexity for the control of 
these facilities: 
20 Output gate always open 

■ Basic control 
• Advanced control 

With the output gate always open, picture output will 
start as soon as possible after coded data starts to arrive 
25 at the decoder. This is appropriate for still picture 

decoding or where display is being delayed by some other 
mechanism . 

The difference between basic and advanced control 
relates to how many short video streams can be accommodated 
in the decoder's buffers at any time. Basic control is 
sufficient for most applications. However, advanced 
control allows user software to help the decoder manage the 
start-up of several very short video streams. 
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A. 12. a*- mpeg video buffer verifier 

MPEG describes a "video buffer verifier" (VBV) for 
constant data rate systems. Using the VBV information 
allows the decoder to pre-fill its buffers before it starts 
to display pictures. Again, this pre-filling ensures that 
the decoder's buffers never empty during decoding. 

In summary, each MPEG picture carries a vbv_delay 
parameter. This parameter specifies how long the coded 
data buffer of an "ideal decoder" should fill with coded 
data before the first picture is decoded. Having observed 
the start-up delay for the first picture, the requirements 
of all subsequent pictures will be met automatically. 

MPEG, therefore, specifies the start-up requirements as 
a delay. However, in a constant bit rate system this delay 
can readily be converted to a bit count. This is the basis 
on which the start-up control of the Spatial Decoder of the 
present invention operates. 
A. 12. 3 Definition of a stream 

In this application, the term str&am is used to avoid 
confusion with the MPEG term sequence. Stream therefore 
means a quantity of video data that is "interesting" to an 
application. Hence, a stream could be many MPEG sequences 
or it could be a single picture. 

The decoder start-up facilities described in this 
chapter relate to meeting the VBV requirements of the first 
Picture in a stream. The requirements of subsequent 
pictures in that stream are met automatically. 
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A. 12. 4 Start- 



up control registers 




Wnong t to T-x register -cuests :r± : re ; 
counter ana gate open.ng :ogi C stop :c a.:< 
access to their configuration registers. 

0 I This Pit counter ;s incremented as cccec 

t 

j leaves tne star ccce cetectcr. The .-—ze- 
bus required ro increment bit.ccun: z~za 
appro*. 2* bu - aount -* r ** c *'*-'> x 3l2 

The Pit counter stars counting pis a*er a 
FLUSH Token passes tnrcugt the c«: ;cur 
U is reset to zero anc men steps '.-crerren-r 
after trie oit count target *as ceen .-re:. 



bit_count_target 
CSD_3S_TARGET 



x j This register specifies the Pit count larger, 
target met even: s generated wrerever 
following condition oeccmes true: 
ott.count >» bit_count_target 



target_m«t_event 

SS_ "A RGET_ MET_ EVENT 



target_met_ma*k 



i 

rw 



0 When me Pit count target is met v..s even: 
be generates, if the mask register s set to 
then an interrupt can be generated, however, 
the bit counter wv.i NOT s;co processing rara. 

This event will occur wnen me Pit counter 
increments to its target, it will also occur ti a 
target value is wnr.en wnicn is !ess tnan or 
equal to the current value of trie pit ecu.-. re- 
Writing 0 to bit.count.target w:i! a.wa.s 
generate a target me: event. 



Table A.1 2.1 Decoder start-up registers 
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Register name 

i 


i 

(75 


Reset Slate 


Desertion 


counterjiusnec.event 


1 


0 


when a FLUSH 7o*en passes inrc^gn : , t 


3S_FLUSH_sVENT 


rw 




count circuit this event will occur, if the mas* 


counterjiusned.mas* 


1 

rw 


0 


register is set to 1 then an interact car. ce 
generated and the cit counter wtil step. 


| counterjlusned.too.eany. event 


1 


0 


II a FLUSH Token passes nrougri ire z<: 


BS_r L t r SH. 5£.-0*£_ 7ARGET_MET_EVENT . 


rw 




count circuit and the en count target has ~ct 


countef_flushed.too.early.mask 

i 
I 


1 

rw 


0 


been met this event will occur, if the mask 
register is set to 1 then an interrupt can se 
generated and the on counter will step. 

SeeA.12.10 


{ ottchip.queue 

i 


1 


0 


Setting this register to configures the ;a;e 


I 

• CED SS QUEUE 

i 

i 

i 
i 

i 


rw 




opening logic to require micro processor 
support. When this register is set :o 0 tne cutpL-: 
gate control logic wiii automatically cc.-trd the 
operation of the output ;ate. 

See sections A.12.6 and a.12.7. : 


| enaoie.stream 


1 


0 


When an off-chip Queue ls in use wtcp.c, to 


t 

CED_3S_ENABLE_NXT_STM 

i 
i 

i 


rw 




enabie.stream controls the benavicur of ihs 
output gate after the end of a stream passes 
through it. 

A one in nis register enables the cutput ;a:e :c 
open. 

The register will be reset wnen an 
accept. enable intem.pt is generates. 



Table A.1 2.1 Decoder start-up 



registers (contd) 




accept.tnaDlt.event 



accept.enadle.matk 



Description 



This event scares mat a FLUSH 7c«en nas 
Passed trough r.e outpu gate <caus;r.g :: :o 
ciose) and that an enable was ava^cie :o aiiow 
tne gate to open. 

,f ih€ mask is set to 1 * e n ar. - :errus; 

can be generated anc register 
•nable.siream wui De reseL See A. : 2.7. , 



Table A. 12.1 D.cod.r sUrt-up rtgisfrs (contd) 
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A. 12.*-. output gate always open 

The output gate can be configured to remain open. This 
configuration is appropriate where still pictures are being 
decoded, or when some other mechanism is available to 
manage the start-up of the video decoder. 

The following configurations are required after reset 
(having gained access to the start-up control logic by 
writing l to startup_access) : 

• set of f chip_queue = 1 

• set enable_stream = l 

•ensure that all the decoder start-up event mask 

registers are set to 0 disabling their interrupts 
(this is the default state after reset) . 

(See A. 12.7.1 for an explanation of why this holds the 
output gate open.) 
A. 12. 6 Basic operation 

In the present invention, basic control of the start-up 
logic is sufficient for the majority of MPEG video 
applications. In this mode, the bit counter communicates 
directly with the output gate. The output gate will close 
automatically as the end of a video stream passes through 
it as indicated by a FLUSH Token. The gate will remain 
closed until an enable is provided by the bit counter 
circuitry when a stream has attained its start-up bit 
count. 

The following configurations are required after reset 
(having gained access to the start-up control logic by 
writing l to startup_access) : 

■ set bit_count_prescale approximately for the expected 

range of coded data rates 

set counter_f lushed_too_early_mask = 1 to enable this 
error condition to be detected 
Two interrupt service routines are required: 
• Video Demux service to obtain the value of 



281 



-b^delay for the first picture in each new 
stream 

Counter flushed too early service to react to 
this condition 
The video demux (also known as the video parser) can 
generate an interrupt when it decodes the vbv_delay for a 
new video stream (i.e., the first picture to arrive at the 
video demux after a FLUSH) . The interrupt service routine 
should compute an appropriate value for bit_count_target 
and write it. When the bit counter reaches this target, it 
will insert an enable into a short queue between the bit 
counter and the output gate. When the output gate opens it 
removes an enable from this queue. 
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A. 12 .6.1 Starting a new stream shortly after another 
finishes 

As an example, the MPEG stream which is about to finish 
is called A and the MPEG stream about to start is called B. 
5 A FLUSH Token should be inserted after the end of A. This 
pushes the last of its coded data through the decoder and 
alerts the various sections of the decoder to expect a new 
stream. 

Normally, the bit counter will have reset to zero, A 

10 having already met its start-up conditions. After the 
FLUSH, the bit counter will start counting the bits in 
stream B. When the Video Demux has decoded the vbv_delay 
from the first picture in stream B, an interrupt will be 
generated allowing the bit counter to be configured. 

15 As the FLUSH marking the end of stream A passes through 

the output gate, the gate will close. The gate will remain 
closed until B meets its start-up conditions. Depending on 
a number of factors such as: the start-up delay for stream 
B and the depth of the buffers, it is possible that B will 

20 have already met its start-up conditions when the output 

gate closes. In this case, there will be an enable waiting 
in the queue and the output gate will immediately open. 
Otherwise, stream B will have to wait until it meets its 
start-up requirements. 

25 A. 12. 6. 2 A succession of short streams 

The capacity of the queue located between the bit 
counter and the output gate is sufficient to allow 3 
separate video streams to have met their start-up 
conditions and to be waiting for a previous stream to 

30 finish being decoded. In the present invention, this 

situation will only occur if very short streams are being 
decoded or if the off -chip buffers are very large as 
compared to the picture format being decoded) . 
In Figure 69 stream A is being decoded and the 
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output^gate is open . streams B and c have met their 
start-up conditions and are entirely contained within the 
buffers managed by the Spatial Decoder. stream D is still 
arriving at the input of the Spatial Decoder. 

Enables for streams B and C are in the queue. So, when 
stream A is completed B will be able to start immediately. 
Similarly c can follow immediately behind B. 

If A is still passing through the output gate when D 
meets its start-up target an enable will be added to the 
queue, filling the queue. If no enables have been removed 
from the queue by the time the end of D passes the bit 
counter (i.e., a is still passing through the output gate) 
no new stream will be able to start through the bit 
counter. Therefore, coded data will be held up at the 
input until A completes and an enable is removed from the 
queue as the output gate is opened to allow B to pass 
through . 

A. 12.7 Advanced operation 

In accordance with the present invention, advanced 
control of the start-up logic allows user software to 
infinitely extend the length of the enable queue described 
in A. 12.6, "Basic operation". This level of control will 
only be required where the video decoder must accommodate a 
series of short video streams longer than that described in 
A. 12. 6.2, "A succession of short streams". 

In addition to the configuration required for Basic 
operation of the system, the following configurations are 
required after reset (having gained access to the start-up 
control logic by writing i to start_up access) : 

• set of f chip_queue = l 

set accept_enable_mask = 1 to enable interrupts 
when an enable has been removed from the queue 

• set target_met_mask = l to enable interrupts 
when a stream's bit count target is met 
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Tradition*! interrupt service routines are 
required: 

•accept enable interrupt 
• Target met interrupt 

When a target met interrupt occurs, the service 

; h ° Uld to its off-chip ^e queu e 

A. 12. 7.1 output gate logic behavior 

writing a 1 to the enable.stream register loads an 
enable into a short queue. 

When a FLUSH (marking the end of a stream) passes 
through the output gate the gate win close. if there is 
an e b e available -t ^ ^ ^ ^ ^ 

open and generate an accept_enable event if 
accept_enable mask is set to nn« 7 • 

generate ' ^errupt can be 

generated and an enable is removed from the end of the 
queue (the register enable_stream is reset) 

However, if acce P t_enable_mask is set to zero no 

^:^-- r rv7 the --t 

Thi, k removed from the end of the queue 

This mechanism can be usp h i, queue. 

described in a.». S " ^ ° UtPUt 

A. 12.8 Bit counting 

The bit counter starts counting after a FLUSH t„„ 
P-ses through it. This P LUS „ T( ^. n i nd icat es tn e end o f 
the current video strea*. In this re?ard £ *" d °* 

fhor , ~ g c register. A target met event is 

then generated and the bit counter resets t« , 

for the next FLUSH Token. W9itS 

.J" 6 bit C ° Unter stop incrementing when it 

reaches it maximum count (255). 

A. 12. 9 Bit count prescale 

In the present invention, 2 ,h,, -- lHOT '-'' r ^-<< ~ 

' x 512 bits are 
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"^■"—to increment the b . t 

blt_co Unt .prescaie is , 3 bit register "" n Fu «her„ore. 
vaiue between 0 and 7. " C,n hold a 



|_" | Range (bits) 


Resolution (bits) 


° j 0 to 262144 ' 




1 | 0 to 524288 


| 2045 


7 | 0to3l457280 


[ 122880 



Table A. 12. 2 Example bit counter ranges 

vide^JT C ° Unt " aPPr ° Ximate ' - some elements of the 
video stream will already have been Tokenized a H 
start codes) anri ^ ^^enizea (e.g., the 

° dM) and ' ^refore includes non-data Tokens 
Counter flushed too early Tokens. 

If a FLUSH token arrives at i-h- k * 

bit count target is attain h ^""^ b * f ° r - the 

can cause an Interrupt ^if ^ ™<* 

1) if f h . lnterrUpt (lf <=o"nter_fl ush ed too early mask - 
1). If the interrupt is generate +.1 ~ xy - masK ~ 

circuit win <- generated, then the bit counter 

circuit will stop, preventing further data input It is 

count target. These circumstances shorn h ««i 
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SECTF©*f A. 13 Buffer Management 

The Spatial Decoder manages two logical data buffers: 
the coded data buffer (CDB) and the Token buffer (TB) . 

The CDB buffers coded data between the Start Code 
Detector and the input of the Huffman decoder. This 
provides buffering for low data rate coded video data. The 
TB buffers data between the output of the Huffman decoder 
and the input of the spatial video decoding circuits 
(inverse modeler, quantizer and DCT) . This second logical 
buffer allows processing time to include a spread so as to 
accommodate processing pictures having varying amounts of 
data. 

Both buffers are physically held in a single off-chip 
DRAM array. The addresses for these buffers are generated 
by the buffer manager x 
A. 13.1 Buffer manager registers 

The Spatial Decoder buffer manager is intended to be 
configured once immediately after the device is reset. In 
normal operation, there is no requirement to reconfigure 
the buffer manager. 

After reset is removed from the Spatial Decoder, the 
buffer manager is halted (with its access register, 
buffer_manager_access, set to 1) awaiting configuration. 
After the registers have been configured, 
buffer_manager_access can be set to 0 and decoding can 
commence. 

Most of the registers used in the buffer manager cannot, 
be accessed reliably while the buffer manager is operating. 
Before any of the buffer manager registers are accessed 
buf f er_manager_access must be set to 1. This makes it 
essential to observe the protocol of waiting until the 
value l can be read from buf f er_manager_access . The time 
taken to obtain and release access should be taken into 
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consider,^ when polling such r-eqisw, 

c d b. empty to monitor buffe g r condi r t e ^ S s terS - c-b.full an, 




This access on slops me operant -: • e 

- -e -b..er ...a.-.a;er so rat a 

various registers can be accessed reiiaoiy. See A.6.4.: 
Note: M S access reg.ster „ unL . S ua. as as ce/au.t state after reset s 
1 I.e. after reset *e buffer manager is -aitec awaiting ccr'-gura: 



j v ' a ln * microprocessor interface. 




Suffer_manager_heynoie_aaoress 



j c,uf, e'--manager_keynoie_data 



Keyn °' e ac «* <° »* extenceo accress »ace .see r=, ,-7 
onager reg.sters shown below. See a.6.4.3 
information about accessmg fec:s:9fs «.,, 8liSa a key , Cif} 




tojength 



rw 



edb.read 



Th€Se specify me length (i.e. size) of me codec car* . cc= - 

andTokr ;tb) buffers. 



! to.read 



18 
ro 



cdb.number 



to.numoer 



cdb.fuii 



These registers hold an offset from me bur*. Lase arc :r=:ca:e 
^eredata be read from next. 



18 
ro 



* T>,es *'^ «««»nowhowmucr.oata..- ,*mytme* 



1 



tb.full 



I cob.empty 



lo.empty 



7h,P ' : ' f -" s,ers °« ••« to >.io»: :, sC saia(c==) K - w 

bur* v ;»« 



1 

ro 



bijner empties. 



Table A.13.1 Buffer manager registers (co"rt^~ 
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A. 13. i-i^Buffer manager pointer values 

Typically, data is transferred between the Spatial 
Decoder and the off_chip DRAM in 64 byte bursts (using the 
DRAM's fast page mode). All the buffer pointers and length 
registers refer to these 64 byte (512 bit) blocks of data. 
So, the buffer manager's 18 bit registers describe a 256 k 
block linear address space (i.e., 128 Mb). 

The 64 byte transfer is independent of the width (8, 16 
or 32 bits) of the DRAM interface. 
A. 13.2 Use of the buffer manager registers 

The Spatial Decoder buffer manager has two sets of 
registers that define two similar buffers. The buffer 
limit register ( buf f er_l imit ) defines the physical upper 
limit of the memory space. All addresses are calculated 
modulo this number. 

Within the limits of the available memory, the extent of 
each buffer is defined by two registers: the buffer base 
(cdb_base and tb_base) and the buffer length (cdb_iength 
and tb_ierigth) . All the registers described thus far must 
be configured before the buffers can be used. 

The current status of each buffer is visible in 4 
registers. The buffer read register (cdb_read and tb_read) 
indicates an offset from the buffer base from which data 
will be read next. The buffer number registers (cdb_number 
and tb_number) indicate the amount of data currently held 
by buffers. The status bits cdb_full, tb_full, cdb_empty 
and tb_empty indicate if the buffers are full or empty. 

As stated in A. 13.1.1, the unit for all the above 
mentioned registers is a 512 bit block of data. 
Accordingly, the value read from cdb_number should be 
r.ultiplied by 512 to obtain the number, of bits in the coded 
data buffer. 
A. 13. 3 Zero buffers 

Still picture applications (e.g., using JPEG) that do 
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not have^a 



25 



case, che DRAM Int.rfar. w Buffer onager. i n thil 

buffer and the Token buffers. P th< " C ° ded d «a 

The zero buffer*? r^+- ; ~ 

uers option inay also be ar^*-~ 

.ppiiction. whlch operate w / rking ° ;:z p z p ::z for 

with small picture formats, tSS and 



10 Note: 



post-reset Sh ° Uld be Set during the 

errors , m occur if the "uff^r f j^r^ "° 
buffer is fined, then the Circuits t " * 

buffer will be halted u r " ^ " 

— « a buffer continues to L f:;,"::;/" ^ 
stages "up steam" of the buffer will 1J ' P r ^«sing 
cecoder is unable to accept dat, Untl1 Sp " ial 

Similarly if , buff P °" lts in P" port. 

r-ov. dltalrlt ^u S^tT" ^ " 

available. h3lt Untl1 dat ^ is 

As described in Ait r> »u 

coded data and Token buffer a^Vp T. ^ ^ «" 
base and length register" The * ** ^ """" 

configuring these registers and f reSP °" Sible f « 

no conflict in „ 91Sters and f or ensuring that there is 

" ln menor >' usa 9e between the two buffers. 
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SECTfON A.14 Video Demux 

The video Demux or Video parser as it is also called 
completes the task of converting coded data . nto • 

started by the Start Code Detector. There are four main 
processing blocks in the Video Demux: Parser State Machine 
Huffman decoder (including an ITQD, , Macroblock counter and 

The Parser or state machine follows the syntax of the 
coded video data and instructs the other units. The 
Huffman decoder converts variable length coded (VLC) data 
into integers. The Macroblock counter keeps track of which 
sectxon of a picture is being decoded. The ALU performs 
the necessary arithmetic calculations. 
A. 14.1 Video Demux registers 



Register name 



C£D_H_CTRL!S:4) 



demux_keyrtoie_data 

CSO_H_KEYHCL£ 



^ acC6ss On stops tne operaoon oi the Video Cen-.ux so -.-a; .; s 
various registers can be accessed reliably. See A.6.4.1 
When the.vldeo Oemux stops tallowing me generai.on of a 
huftman.event inte^p, requ«t this 3 bit reg.ster r^.ds a vaXe nccar.ng 
why the interrupt was generat ed. See A.14.S.1 
When the video Oemux stops tallowing me generai.on of a ;arser_ever, 
interrupt request this 6 bit register holds a value inoieabng wr y rn e 
interrupt was ge nerated. See A. 14.5.2 

Keynole access to the Video Oemux-s extenceo acdress SC ace. See 
A S - 4 - 3 'or more information about accessing registers 

througn a keyhole. 

Tables A.14.2. A.14.3 and A.14.4 describe the registers tr.at :zr. ze 
accessed via the keyhole. 





r - Cummy_ fast_ frame _ tit 



fieldjnfo 



t 
j 

continue 



I 



r - r om_controi 



wr.en >r,.s renter « se: :o 1 :ne Vieeo Cemux w,,j generate :nfcrrr.a:cn~ 
for a 'crummy intra p.cture as she last p.crure of an MP£ G secuerce. 
This function is useful when Wt Temporal Cscocer * configure* 'or 
automate picture re-orcenng (see a.is.3.5. -Pic:ur t secuerce re- 
o^enng". t0 flulf| ^ )as; p 5r , ^ ^ ^ ^ 

Decoder. 

No -Su.-n.-ny picture is required if: 

• me Temporal Decoder is „ 0 t configured for re-crdenng 

• another MPEG sequence w,i, * CMCee imr , eciately ( „ ., !S ^ a)sc 
flush out the last picture) 

• the eocing standard is not MPEG 
When tnis register is set to 1 the first byte of any mpeg 

e«ra_informaoon_picrjre is placed in a. FIELD_INFO 7ck.«. See 

A. 14.7.1 - 



This register allows user software to centre now rr.ucn extra, ^er or 
extens^n data it warns to receive wnen is it * cetected by the decocer. 
See A. 14.6 and A. 14.7 




immediately foiiowmg reset ffus holes a espy of ~.e rmcroccce =CM 
revision number. 

This register is also used to present to control scftware data viuts read 
from tne coded data. See A. 14.6. -Receiving user and Extensa data'. 
and A. 14.7. -Rece iving £xr a Infor-ation*. 

1 Top level Video Demux registers (contd) 




par$er_event 



parser.mask 



If me mask register is sat to i then an interact can 5e ceneratec a.-..- 
Video Oemux will stop, if the mask register is set :o C then r. 0 ;n: e - — ^ 
generated and the Video Oemux win anemor :o -eccver o---- 
A Parser event can Oe in responce to errors in the cocec rata or :z -e 
arrrvaJ of information at the Video Oemux that requires scfrware 
intervention. See A.14.5-2 for a descnouon cf these .ve.rj. 

If the mask register is set to 1 then an interrupt can oe generates arc :-e 
Video Oemux will stop. If the mask register is set to 0 then ro internet -s 
generated and the Video Demux will attempt 10 continue. 



Table A. 1 4.1 xop level Video Demux registers (contd) 

Register name 



CO 



to 



Description 



component_name_0 

component.name_1 

component_name_2 

component_name_3 
horix.peis 



vert^eis 



16 



ven^macrooiocks 



16 
rw 



During JPEG operation the reg.ster component.name.n noids an 3 za va^e 
indicating (to an application) wnich colour component nas the component :2 n. 



Tnese registers hold the honzontai ano vertical dimens;ons of trie v.ceo cemg 
decoded in pixels. 

See section A. 1 4.2 

These registers hold the honzontal and veneaJ dimensions of tne vtcec zeu 
decoded in macroolocks. 

See section A. 14.2 



e A. 14. 2 video demux picture 
construction registers 
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x These registers hold the macrooiock w, C tr> af > G he.gnt m siccus ,'3 x s ^elT 
The values 0 to 3 indicate a width/height oM to 4 blocks. 
See section A. 14.2 




■ oarame-er \f .>-r-;er cf image 



j Dlocks_h_0 


2 


X 


I 

| blocks_h_i 

i 


rw 




I 

f blocks_h_2 






j blocks_h_3 






I blocks_v_o 


2 


X 


| blocks_v_i 

i 


rw 




j blocks_v_2 






: biocks_v_3 






tq_0 


2 


X 


tO_1 


rw 

















See secaon A. 14.2 

Ourmg jP£G operation this register holds the : 
components in frame). 

For each of the 4 colour components tne registers blocks..^ arc 
blocks.v.n hold the number of blocks horizontally anc ver.ica.iy a 
macrooiock for the colour component with component id n. 
See section A. 14.2 



The two oit value held by the register tq.n cescnoes wn.cn inverse 
Quantisation table is to be used w.nen decoding ca:a with component ;o n. 



Table A. 14.2 Video demux picture 
construction registers (contd) 
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10 



15 



rh. c 0ded Pictur :; d :: d p ata amet : rs normauy m 

re,ister corresponds to m J eXa, " Ple ' h ° ri *-P*^ 

H"nas to the MPEG sequence header 

information, horizontal size, and the JPEG lit „ 

parameter, x. These rmZi*+ header 

inese registers are loaded by the vidpn 

Demux when the approoriatp ^ * ^ Video 

HPiropriate coded data is decoded 
registers are also associated with a Token p 

the register, horiz pels is „ F ° r eXam P le < 

- p s ' ls associated with Toir«„ 
HORIZONTAL SIZE. The Token in ' 

— -r s ; n after) ztz : ::;ri: e : e :: d :r r° oenu * 

can also be supplied directly to th. d «° d,d - The T °**n 
Decoder. i n this cas . *" Y t0 the lnput °< the Spatial 

con figU re t h e " TZJ"" """^ * ™»» 

o uemux register associated with it. 
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ac.bits_0[15;0] 
ac_bits.l[l5:0J 



Eacn of these .s a taoie of i 6 . e.gnt b.t values. They prov.ce *e 5iT 3 
informat.on (see JPEG Huffman table .otafeaucn, wn :c , form par cf :he 
description of two DC and rw 0 AC Huffman tables. 



8 

rw 



ac.eob.O 

ac.eob 1 



i ac.zn_o 

I 

i ac_zrl_i 



See section A. 14.3.1 

Eacn of these .s a table 0/ 12. ei S ht fcrt v 3I ues. They provide the ^P=Va_ 
information (see JPEG Huffman table soeofication) wr, c n form pan z t re 
description of two DC Huffman tables. 
See section A. 14.3.1 

Eacn of these ,s a table of 162, e,gn t p,t va<ues. They prov.de :n e .~u»va. " 
information (see JPEG Huffman table specification) wn.ch form par zf ^ e 
description of two AC Huffman tables. 
See section A. 14.3,1 

These 8 bit registers how values mat are "special cased" to accelerate ;re 
decoding of certain frequently used JPEG VLCs. 

dc.ssss - magnitude of DC coefficient is 0 
ac.eob - end of block 
ac.zrl - run of 16 zeros 

Video demux Huffman table registers 



Duner_si*e 



Pei.aspect 



I 



pic.rate 



; constrained 

J 



10 



rw 



18 
rw 



Th.s 'eg.srer , s ,oaced wnen cecoo.ng mp= g CaIa w,^^— 
size ol VBV buffer required in an iaeai cecoaer. 

This value is no, used by me decoder c.,, P s. However. me valLe , , : . CJ _ a .. 
be usefu. ,o user software w*en configunnc me „ced data tu*„ s , ze 
detemme whe.ner me decoder is capable of decoding a sanx^ar vp £S 
file. 

i ^ ,e9 ' S,er ' S '° aCed wnen 9 mpeg data wr. a vaiue :nc. ca ,- ~ 

table defined by MPEG. 

See me mpeg standard for a definition of m,s table. 
This value is no, used by me decoder cnips. However. me val ,, , , c , :s _, av 
be usefu, to user softw are wnen confi guf ,ng a disolav „ „,„„,„ 
^ ^iste, is loaded w„en decoding MPEG da[a ^ a va)L . e ^ ^ ■ 
coded data rate. 

See me MPEG standard for a definition of m,s value. 

This value » no, used by m. decoder cips. However, me value . .,„„ ,. ay 

be usefu, ,o user sow, wnen config U r,ng m, decoder ,„ 

^ r69iS,er - coding MPEG data « a va.ue , e " 

picture rate. 

See me MPEG standard for a definition of mis value. 
This value is no, used by m. decoder cn.ps. However, me value it - a; , 
beusefuMousersofrwarewn.nconfigur.nga display or output cevce. 



^ * MPEG data to indicate ,1 me cocec =a: 3 

meets MPEG s constrained parameters. 

See me MPEG standard lor a definition o, ,r«s fiag. 

This value is not used by me decoder enin. 

«"cooer cnips. However, y.e value i .--.cs -a / 

be usefu, to user software to oetemm. wnemer me ceccoer * :a:iZ S z , 

decoding a particular MPEG data file. 

Tab, e A.14.4 Other Video Demux register^ 
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Register name 



o 



CO 
« 

o 



Description 



picture.rype 



Dunng MPEG operaoon this register holds ;ne picture rype of the :,c: M r e oetr 
decoded . 



n -26l_pic_type 



8 

PW 



This register is loaded wnen cecocing m.261 caia. it holds infcrma-en aocu: 
the picture format. 



j 7 


6 j S j 4 


3 


2 


1 j 0 




s 


d 


t | q | r | , | 



. Flags: 

s - Split Screen Indicator 
d • Document Camera 
f • Freeze Picture Release 

This vaJue is not used by the decoder chips. However, the informaccn snouic 
be used when configuring horiz.pels. vert.pels and the display c; cutout 
device. 



broken.ciosed 



During MPEG operation this register noics the Oroken Jink ano c:csec_sop 
information for the group of pictures being decoded. 



7 


• | 5 


4 


1 3 


2 


1 i 0 


r 


r I r 

1 


r 


r 


r 


C | B 



Flags: 

c • ciosed_gop 



Table A. 14. 4 Other Video Demux registers (contd) 
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register notes :he current vajue of 



prediction mode. 



7 6 



4 3 2)1 



i 0 



y x tit 



Flags: 

n- enable H.261 loop filter 
y • reset backward vector prediction 

lister ,s loaded when d^ing MPEG data w.tn a va.ue .nencung L,e 
minimum start-up delay before decoding should stan. 

See the MPEG standard for a definition of this value. 

This vaue is not used by the decoder chips. However, value ,t holes rr. ay 
be useful to user software when configuring the decccer startup ref ers. 
This register holds the picture numoer for the pctures mat is currently ^ 
decoded by the Video Oemux. This numoer was generated by the stan ccce 
detector when this picture arrived there. 
See Table A.11.2 




field Jnfo 



continue 



ronwevision 



cocing_standard 



2 
ro 



This register is loaded by the CODING.STANDARD Token :c con*;-, 
the Video Demurs mode of operation. 
See section A.21.1 

Table A.14.4 Other Video Oemux registers (contd) 
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Register name 


% 

to 


Reset State 


Description 


resurtjnterval 


8 




This register is loaded wnen decoding jPEG data witn a vaiue !rc;ca:;r.g *.r.e 




rw 




minimum start-up delay before decoding should start. 








See the MPEG standard for a definition of this value. > 
. — i 



Table A. 14. 4 Other Video Demux registers (contd) 



register 


Tok0n ) standard j comment ; 


eompon«nt_name_n 


COMPONENT_NAME 


JPEG 


in ceded data. 


MPEG 
H.261 


not used in standard. 


honz.pels 
vert^pels 


HORI20NTAL.SI2E 
VERTICAL.SI2E 


MPEG 
JPEG 


in cccec cata. 


H.251 


automatica.iy cenvea .'.-cm ?ic;ure 

\ 

rype. j 


hori2.macroblock» 
ven.macroblocks 


HORIZONTAL_MBS 
VERTICAL.MBS 


MPEG 
JPEG 


control software must cenve from ! 
honzcntal and vertical rcrure size, ' 


H.261 


automatically derived frcm picture 

! 

type. | 


max.h 
max.v 


DEF!NE_MAX_SAMPLING 


MPEG 


control software must configure. 
Sampling structure is fixed by 
stancard. 




JPEG 


in coded data. f 




H.251 


automatically configured 'or * 2.2 
video. 



• A.14.S Register to Token cross reference 
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tq.O 
tq.1 
tQ.2 

blocks_h_o 
blocks_h_i 
blocks_h_2 
blocks_h_3 

blocks.v.O 
blocks_v_i 
i blocks.v.2 

blocks.v_3 
cc_huff_0 
dc.huff.i 
dc_huff_2 

dc_huff_3 
ac.huff.o 
ac.huff.1 
ac_huff_2 
ac.huff 3 



comment 

control software must configure. ! 
Sampling structure <s fixec ty 
stancard. 



JPEG 



m cooed oata. 



M.261 



JPEG.TABLE.SELECT 



JPEG 



automatically configurec fcr 4:2:0 



video. 



m cooed data. 



MPEG 



H.261 



MPEG 



not used m sianca/a 



JPEG 



control software must configure. 
Sampling structure is fixed Dy 
standard. 



K261 




m coded data. 



automatically configured for 4:2.0 
video. 



MPEG 



H.261 



control software must configure. 



not used in stanoard. 



MPEG 
H.261 



not used in stanoaro. 




Table A. 14. 5 Register to Token cross 
reference (contd) 
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10 



Table A. 14. s Register to Token 
cross reference (contd) 

A. 14.2 Picture structure 

In the present invention, picture dimensions are 
described to the Spatial Decoder in 2 different units: 
Pixels and macroblocks . jpeg and MPEG both communicate 
Picture dimensions in pixels. Communicating the dimensions 
in Pixels determine the area of the buffer that contains 
the valid data; this may be smaller than the total buffer 
size. Communicating dimensions in macroblocks determines 
the Si2e of buffer required by the decoder. The macroblock 
dimensions must be derived by the user from the pixel 
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10 



dimensions. The Spatial Decoder registers associated with 

this information are: horiz_pels, vert_pel S/ 

horiz_macroblocks and vert_macroblocks . 

The Spatial Decoder registers, blocks_h_„, blocks_v_„ 

max_h, max_v and max_component_id specify the composition 
of the macroblocks (minimum coding units in JPEG) . Each is 
a 2 bit register than can hold values in the range o to 3 
All except max_component_id specify a block count of i to 
4. For example, if register max_h holds 1, then a 
macroblock is two blocks wide. Similarly, max_component id 
specifies the number of different color components 
involved . 




e A. 14. 6 configuration for various macroblock formats 



A.l4.>- Huffman tables 

A. 14. 3.1 jpeg style Huffman table descriptions 

In the invention, Huffman table descriptions are 
provided to the Spatial decoder via the format used by jpeg 
to communicate table descriptions between encoders and 
decoders. There are two elements to each table 
description: BITS and HUFFVAL . For a full description of 
how tables are encoded, the user is directed to the JPEG 
specification. 

A. 14. 3. 1.1 BITS 

BITS is a table of values that describes how many 
different symbols are encoded with each length of VLC. 
Each entry is an 8 bit value. JPEG permits VLCs with up to 
16 bits long, so there are 16 entries in each table. 

The BITS[0] describes how many different 1 bit VLCs 
exist while BITSflj describes how many different 2 bit VLCs 
exist and so forth. 
A. 14. 3. 1.2 HUFFVAL 

HUFFVAL is table of 8 bit data values arranged in order 
of increasing VLC length. The size of this table will 
depend on the number of different symbols that can be 
encoded by the VLC. 

The JPEG specification describes in further detail how 
Huffman coding tables can be encoded or decoded into this 
format. 

A. 14. 3. 1.3 Configuration bv Token* 

In a JPEG bitstream, the DHT marker precedes the 
description of the Huffman tables used to code AC and DC 
coefficients. When the Start Code Detector recognizes a 
DHT marker, it generates a DHT_MARKER Token and places the 
Huffman table description in the following DATA Token (see 
A. 11 . 3 .A) . 

Configuration of AC and DC coefficient Huffman tables 
within the Spatial Decoder can be achieved by supplying 
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DATA ffld-DHT_MARKER Tokens to the input of the Spatial 
Decoder while the Spatial Decoder is configured for JPEG 
operation. This mechanism can be used for configuring the 
DC coefficient Huffman tables required for MPEG operation, 
however, the coding standard of the Spatial Decoder must be 
set to JPEG while the tables are down loaded. 



E 


ii' 


6 


'■ 5 


4 


: 3 


! 2 | 1 


!° 


| Token Name 


! 






0 


0 


■ 1 


0 


; 1 


I 0 


i i 


CODING.STANDARD 


! 




0 


0 


. 0 


: 0 


• 0 


; 0 


; 0 

i 


j 0 


i 1 


! 1 = JPEG 


I 

i 




0 


II o 


; 0 


: 0 


1 


; 1 


: 1 


i o 


j o 


| DHT.MARKER 


I 




1 


i ° 


: o 


: o ; 0 


! o 


; 1 


j X 


i x 


DATA j 


1 


t 


i 


t 


t 


t 


t 


t 


t 


T h • Value indicating wnich Huffman table is to De loaded. JPEG allows 4 




t 




















tables to be downloaded. 


! 






















Values 0x00 and 0x01 specify DC coefficient coding tables 0 and i. 


i 

i 






t 












I 




Values Oxio and 0x11 specifies AC coefficient coding taoies 0 and i . 


I 

! 




1 i 


i n 




n 


n 


« 


i n 


n 


n 


Lj - 16 words carrying BITS information 


I 












i j 




n 


n 


n < 


n 


n 


n 


n 




o 

•o 
a 




ii 


n, 


n 1 


n 


n 


"I 


n 


n 


n 


V,j - Words carrying HUFFVAL information (the 


Q 

a. 






number of words depends on the number of different 


2 

2 


5! 

c': 


e 


n i 


r. 


n 


n 


n 


n 


n 


n 


C 

to 






















symbols). j 


u 
o 
W 


;*! 




















e - the extension bit will be 0 if this is tne endof the DATA Token cr 1 if ! 


5 
£ 


_^ I 




















I 

another table description is contained in the same DATA Token. | 


2 





Table A. 14. 7 Huffman table configuration via Tokens 
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A.14.>rlM Configu ration mpt 

The AC and DC coefficient Huffman tables can also be 
written directly to registers via the MPI . See Table 
A. 14 . 3 . 

The registers dc_bits_0 [ 15 : 0 ] and dc_bits_l f 15 : 0 i 

hold the BITS values for tables 0x00 and 0x01. 

•The registers ac_bits_or 15:0] and ac_bits_l f 1 5 : 0 ] 

hold the BITS values for tables 0x10 and 0x11. 

The registers dc_huf f val_0 [ 11 : o ] and 

dc_huffval_irii: 0 ] hold the HUFFVAL values for 
tables 0x00 and 0x01. 

The registers ac_huf f val_0 [ 161 : 0 ] and 
ac_huffval_iri 61:0] nold the HUFFVAL values 
for tables 0x10 and 0x11. 
A. 14. 4 Configuring for different standards 

The Video Denrnx supports the requirements of MPEG, JPEG 
and H.261. The coding standard is configured automatically 
by the CODING_STANDARD Token generated by the Start Code 
Detector. 

20 A. 14. 4.1 H.261 Huffman tables 

All the Huffman tables required to decode H.261 are held 
in ROMs within the Spatial Decoder and more particular in 
the parser state machine of the Video demux and, therefore 
require no user intervention. 
2 5 A. 14. 4. 2 H.261 Picture structure 

H.261 is defined as supporting only two picture formats: 
CIF and QCIF. The picture format in use is signalled in 
the PTYPE section of the bitstream. When this data is 
decoded by the Spatial Decoder, it is placed in the 
h_261_pic_type registers and the PICTURE_TYPE Token. In 
addition, all the picture and macroblock construction 
registers are configured automatically. 

The information in the various registers is also placed 
into their related Tokens (see Table A. 14. 5) 
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10 



and tHts-ensur.s that other decoder chips (such as the 
Temporal Decoder, are correctly configured 
A. K. 4. 3 mpeg Huffman tables 

The majority of the Huffman coding tables required to 
-.cod. MPEG are he!d in KOMs within the Spatial' Oecoder 
<aoa ln . in the parser state machine, and. thus, reguirl no 
user intervention. The exceptions are the tables Quired 

taLes 9 ^ ° C «' I»tr.l »a=roblo=L ^o 

MK »~ for chroma the other for luma. 

These must be configured by user software before decoding 



15 



macroWock construcoon 



P»cnif« construction 




Table A.14.8 Automatic settings for H.2«i 



Table A. 14. 10 shows the sequence of Tokens required to 
configure the DC coefficient Huffman tables within the 

spatial Decoder. Alternat ivelv i-k« 

. _ . ivei y- th ® same results can be 

obtained by writing this information to registers via the 

The registers dc_huff_n controi which D c coefficient 
Huffman tables are us.d with each color compon.nt. Table 
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A.14.#-sftows how they should be configured for MPEG 
operation. This can be done directly via the MPI or by 
using the MPEG_DCH_TABLE Token. 



dc_huff_0 


0 


dc_huff_l 


1 


dc.huff.2 


1 


dc_huff_3 


X 



Table A. 14. 9 MPEG DC Huffman table selection via mpi 



,1 

1 


(7:0] 


Token Name 


1 1 


0x15 


CODING.STANDARD I 


0 


0x01 


i 

1 - JPEG 

i 


0 


OxlC 


DHT.MARKER 


1 


0x04 


DATA (could be any colour component. 0 is used in this examcie) 


1 


0x00 


0 indicates mat this Huffman table ts DC coefficient cooing table 0 



5 



e A. 14. 10 MPEG DC Huffman table configurati 
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"V- 

e 


1 ™ 




1 0x00 


' 1 


0x02 




0x03 




0x01 




0x01 




0x01 




0x01 




oxoo ; 



Token Name 

0x00 i 16 words carrying BITS information describing a total of 9 
different VLCs: 



0x00 



2. 2 bit codes 

3, 3 bit codes 
1, 4 bit codes 
1 . 5 bit codes 
i. 6 bit codes 
i . 7 bit codes 



0x00 



0x00 : ,f configuring via the MP) rather than with Tokens these \ 



vaiues woc:d -e 



0x00 j written into the dc.bits.0[15:0J registers. 



OxCO 



0x00 



0x00 



0x00 



0x01 



0x02 



0x00 



0x03 
0x04 
OxOS 
0x06 
0x07 
0x08 



9 words carrying HUFFVAL information 

If configunng via the MPl rather than with Tokens these va:ues wousd Se 
written into the de_huffval_0(1l:0] registers. 



Table A. 14.10 MPEG DC Huffman 
table configuration (contd) 



j[ 0x04 j DATA (could be any colour component, p a useo m mis exam sioi 
i| O-Oi | 1 ino-ca.es mat thg Huffman iao>, is DC coeffic.en, cooing laBl . , ' 





I 0x03 




| 0x01 


> |j 0x01 




0x01 




0x01 




0x01 


' I 


0x01 




I 0x00 j 




0x00 j 


1 I 


oxoo ; 




0x00 \ 


1 || 0x00 j 




0x00 | 


i || 0x00 j 



different VLCs: 



of 9 



3. 2 bit codes 
1 . 3 bit codes 
1. 4 bit codes 
1. 5 bit codes 
1. 6 bit codes 
1. 7 bit codes 
1 , 8 bit codes 



OxOOj If configuring via the MP. ramer than w,m Token, these values wou.d Se 



0X00 1 in «> the <Jc_bits_i(i5.0J registers. 




t 0x01 




0x02 




0x03 


■ i 


0x04 




0x05 


■ i 


0x06 


1 1 1 0x07 


0 


0x08 


1 || 0x04 



MPEG_DCH_TABLE 



0x00 1 r—r 

j Configure so table 0 is used for component 0 



0x05 



MPEG_DCH_TABLE 

Configure so table i is used for component i 



0x01 

0x06 | MPEG.DCH.TABLE 



0x01 



j Configure so table 1 is used for component 2 



Table A.14.10 MPEG DC Huffman table configuration (contd) 
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Table A. 14. io MPEG DC Huffman 
table configuration (contd) 

A. 14 • 4 . 4 MPEG Picture structure 

The *acroblock construction definsd for MPEG is the same 
as that used by H.261. The picture dimensions are encoded 
in the coded data. 

For standard 4:2:0 operation, the macroblock 
characteristics should be configured as indicated in Table 
A.14.S. This can be done either by writing to the 
registers as indicated or by applying the equivalent Tokens 
(see Table A. 14. 5) to the input of the Spatial Decoder. 

The approach taken to configure picture dimensions will 
depend upon the application. if the picture format is 
known before decoding starts, then the picture construction 
registers listed in Table A. 14.8 can be initialized with 
appropriate values. Alternatively, the picture dimensions 
can be decoded from the coded data and used to configure 
the Spatial Decoder. In this case the user must service 
the parser error ERR_MPEG_SEQUENCE, see A. 14.8, "Changes at 
the MPEG sequence layer". 
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A.14.4*?S« JPEG 

Within baseline jpeg there = 
options th*t- number of encoder 

ptions that s ig nif 1C antly alter the complexity of 
control softuara "'PAexity of the 

5 a.n i S ° ftWare required to operate the decoder m 
= general, the Spatial Decoder has been desianJ 

required support is miniB n h ^signed so that the 

is met: the Allowing condition 

•Number of color components per frame is i ess 
than 5(N f <4) 
10 a. 14. 4. 6 jpeg Huffman tables 

Furthermore, JPEG allows Huffman coding tables to be 
down lo.d.d to the decoder. These tables are 
decoding the V LCs describing the coefficients. Two les 
are permitted oer scan for ^ • aDies 

» for the AC coefficients ^ ** two 

There are three different types of jpeg file- 
Interchange format, an abbreviated fn , ma , «, 
iTiaae d»r* * deviated format for compressed 

r::::;:- rr.r™ r f r de r " a9e data - «- 

... . . * a rorfflat fl ie omits the table 

definitions. The ab^ evia£ed ta „ ie 

contains the table definitions 

^ Howe h ver SPat b i al ^ ^ 

if all ; h e image fUeS ^ ^coded 

defLL tablSS ^ ^ defi "^' This 

definition can be done via either of the other two JPEG 
file types, or alternatively the 
3 0 user software. bl6S C ° Uld be Set " u P bv 

If each scan uses a different 
, hpn _ fc W1 erent set °f Huffman tables, 

then the table definitions are placed ,k ^ 

^ ^ ^ Placed (by the encoder) in 

the coded data before each scan. T h esc I 

loari6H . . . „ These are automatically 

loaded by the Spatial Decoder for * 

ror use during this and any 
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subsequent scans. 

To improve the performance of the Huffman decoding, 
certain commonly used symbols are specially cased. These 
are: DC coefficient with magnitude 0, end of block AC 
coefficients and run of 16 zero AC coefficients. The 
values for these special cases should be written into the 
appropriate registers. 
A. 14 . 4. 6.1 Table selection 

The registers dc_huff_n and ac_huff_n control which AC 
and DC coefficient Huffman tables are used with which color 
component. During JPEG operation, these relationships are 
defined by the TDj and T Sj fields of the scan header syntax. 
A. 14.4.7 JPEG Picture structure 

There are two distinct levels of baseline JPEG decoding 
supported by the Spatial Decoder: up to 4 components per 
frame (N f <4) and greater than 4 components per frame (N f >4) . 
If N f >4 is used, the control software required becomes more 
complex. 

A. 14.4.7.1 Nf<4 

The frame component specification parameters contained 
in the JPEG frame header configure the macroblock 
construction registers (see Table A. 14. 8) when they are 
decoded. No user intervention is required, as all the 
specifications required to decode the 4 different color 
components as defined. 

For further details of the options provided by JPEG the 
reader should study the JPEG specification. Also, there is 
a short description of JPEG picture formats in § A. 16.1. 
A. 14. 4. 7. 2 JPEG with more than 4 components 

The Spatial Decoder can decode JPEG files containing up 
to 256 different color components (the maximum permitted by 
JPEG) . However, additional user intervention is required 
if more than 4 color component are to be decoded. JPEG 
only allows a maximum of 4 components in any scan. 
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A. 14. 4.8 Non-standard variants 

As stated above, the Spatial Decoder supports some 
picture formats beyond those defined by JPEG and MPEG. 
5 JPEG limits minimum coding units so that they contain no 

more than 10 blocks per scan. This limit does not apply to 
the Spatial Decoder since it can process any minimum coding 
unit that can be described by blocks_h_n, blocks_v_n, max_h 
and max_v. 

10 MPEG is only defined for 4:2:0 macroblocks (see Table 

A. 14. 8). However, the Spatial Decoder can process three 
other component macroblock structures, (e.g., 4:2:2. 
A. 14. 5 Video events and errors 

The Video Demux can generate two types of events: parser 
15 events and Huffman events. See A. 6 . 3 , "Interrupts" , for a 
description of how to handle events and interrupts. 
A. 14.5.1 Huffman events 

Huffman events are generated by the Huffman decoder. 
The event which is indicated in huf f man_event and 
huffman_mask determines whether an interrupt is generated. 
If huffman_mask is set to l, an interrupt will be generated 
and the Huffman decoder will halt. The register 
huffman_error_code[2:0] will hold a value indicating the 
cause of the event. 

If 1 is written to huf fman_event after servicing the 
interrupt, the Huffman decoder will attempt to recover from 
the error. Also, if huffman_mask was set to 0 (masking the 
interrupt and not halting the Huffman decoder) the Huffman 
decoder will attempt to recover from the error 
automatically. 
A. 14. 5.2 Parser events 

Parser events are generated by the Parser. The event is 
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indicted in parser.event. Thereafter, parser_mask 
determines whether an interrupt is generated. if 
parser_mask is set to 1, an interrupt will be generated and 
the Parser will halt. The register parser_error_code r 7 : o i 
will hold a value indicating the cause of event. 

If 1 is written to huf fman_event after servicing the 
interrupt, the Huffman decoder will attempt to recover from 
the error. Also, if huf f man_mask was set to 0 (masking the 
interrupt and not halting the Huffman decoder) the Huffman 
decoder will attempt to recover form the error 
automatically. 

If 1 is written to parser_event after servicing the 
interrupt, the Parser will start operation again. If the 
event indicated a bitstream error, the Video Demux will 
attempt to recover from the error. 

If parser_mask was set to 0, the Parser will set its 
event bit, but will not generate an interrupt or halt. It 
will continue operation and attempt to recover from the 
error automatically. 



huffman_error_code 


I 


[2] 


I ■■■ 

0 


| to] 

0 


Description 1 

No error. This error snouid not occur sunng j 

t 

normal operation. ] 


X 


0 


1 


Failed to find terminal coce in VLC witr.m i 6 : 
bits. ■ 


x j , 


0 Found serial data when Token expected 


X 


.1 1 


Found Token wnen serial data expected 


1 


X 


X 


information descnbing more than 64 
coefficients for a single block was decccec 
indicating a bitstream error. The block output 5y ' 
the Video Oemux will contain only 64 

! 

coefficients. i 



Table A. 14.11 Huffman error codes 



Description 




An EXTENSION.DATA Token has been detected by the Parser. The ietec.cn of 
this Token should preceed a DATA Token that contains the extension data. See A. u.6 

ERR.eXTENSiON.DATA 

Following the detection of an EXTENSION.DATA Token, a DATA To*en 
containing the extension data has been detedcted. See A.14.6 




ERfl.USER.TOKEN " : 

A USER_DATA Token has been detected by the Parser. The detection of r.s To,<en 
snould P f «e*d • DATA Token that contains the user data. See A.14.6 



0x13 




ERR.USER.OATA 

Following the detection of a USER.DATA Token, a DATA Token containing rhe user 
data has been detedcted. See A.14.6 



ERR.PSPARE 

H.261 PS ARE information has been detected see A. 14.7 
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P*r**r_ftrror.aM«(2;0] 

0x21 



Oescnotion 

ERRJ3SPARE " 
H.261 GSARE information has been detected see A.14.7 



0x22 



ERR.PTYPE 

The value or the H.261 picture type has changed. The re^sier h_26l_pi 
inspected to see what the new value is. 



P'C.rype can i<e 



0x30 



ERR.JPEG.FRAME 



0x31 



ERR_JPEG.FRAME.LAST 



0x32 



ERR.JPEG.SCAN 
Picture size or Ns changed 



0x33 


ERR.jPEG.SCAN.COMiP 




Component Change ! 



0x34 



ERR.DNL.MARKER 



| 0X4C 


ERR.MPEG.SEQUENCE 

One of the parameters communicated in the MPEG sequence layer has cnargec. See 

A. 14.8 


0x41 


ERR.EXTRA.PICTURE 

MPEG exva_information_picture has been detected see A. 14.7 


0x42 


ERR.EXTRA.SLICE 

MPEG extra.information.stiee has been detected see A. 14 7 


\ 0x43 

J 

I 


ERR.VBV.DELAY 

The V8V.DELAY parameter for the first picture in a newMPBG video sequence has 
been detected by the Video Oemux. The new value of detay is available m T.e register 
vbv.delay. 

The first picture of a new sequence is defined as the first picture after a sequence ere. 
FLUSH or reset 


0x80 


ERR.SHORT_TOKEN 

An incorrectly formed Token has been detected. This error sncuid not occur cunrg 
normal operation. 
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pars«r_«f?or^oae(7:0) 

0x90 



Description 
ERR.H26 1 _PIC.£ND.UNEXPECTE0 
Dunng K261 operation the end of a picture has been encounters at an une* 3 ec:ec 
position. This is likely to indicate an error in tne coced data. 

ERR_GN_BACKUP " " 

During h.261 operation a group of blocks has oeen encountered «,in a 5 rouc r.uireer 
less than that expected. This is likely to indicate an error in the coded data. 



0x92 



ERR_GN_SKIP_GOB ' 

During h.261 operation a group of blocks has been encountered w,m a grcws -.«cer 
greater than that expected. This is likely to indicate an error in the code c saa. 
ERR.NBASE.TAB 

Dunng JPEG operation there has been an attempt to down load a Huffman «i. that * 
not supponed by baseline JPEG (baseline JPEG only suppons raoies 0 and t !or 
entropy coding). 



OxAl 



ERR.QUANT.PRECISION " ' " 

During JPEG operation mere has been an attempt to down load a quantisa::cn racie -a: 
is not supponed by baseline JPEG (baseline JPEG only supports 8 bit ?rec:s:on :n 
quantisation tables). 



0xA2 



ERR_SAMPLE_PR£CJSION 

During JPEG operation mere has been an attempt to specify a sample prtoacn greater 
than that supported by basetine JPEG (baseline JPEG only supports 8 at ?rec:sion). 



0xA3 



err_nbase.sc an : - 

One or more of the JPEG scan header parameters Ss, Se. Ah and ai is set to a value no 
supported by baseline JPEG (indicating spectra) selection anc'or successive 
approximation which are not supponed in baseline JPEG). 



0xA4 



ERR.UNEXPECTED.DNL 

During JPEG operation a DNL marker has been encountered in a scan tha: s r.ct :he 
first scan in a frame. 



0xA5 



ERR. EOS.UN EXPECTED 

During JPEG operation an EOS marker has been encountered in an unexpected face. 
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ERH.RESTART.SKIP 

During JPEG operaoon a restart marker has been enccunrerec eoer =n .n an 
unexpected place or the value of the restart marker « unexpected. :r a 'es;a.~ .-am- 
not found when one is expected the Huffman event -Pound seraj rata wr. e , -.en 
expected* will be generated. 
ERR.SKIPJNTRA 

During MPEG operation, a macro block with a macro picck access :r. C rem e .r ;rea:er 
man 1 has been found within an intra (I) picture. Th. s m .Hegai ars crcta^iy a:es a 
bitstream error. 
ERR.SKIP.DINTRA 

During MPEG operation, a macro block with a macro block address increment greater 
than 1 has been found within an DC only (0) picture. Th.s .s illegal and crctacly 
indicates a bitstream error. 
ERR.BAD.MARKER 

During MPEG operation, a marker bit did not have the expected vaiue. ~h:s .s -» = ac.v 
indicates a bitstream error. 



0xS3 



ERR.D.MBTYPE " ~~ 

Ounng MPEG operation, within a DC only (0) picture, a rr.aercciock was four* w:* a 
macrobJock type other than 1. This is illegal and probably .nccaies a -srrea^ error. 



0xS4 



ERR.D.MBEND 

During MPEG operation, within a DC only (D) picture, a macrcfciock was fcL.-d with 0 m 
ifs end of macroblock bit. This is illegal and probably .ndicates a birstream e—r. 



0xB5 



ERR.SVP.SACKUP 

During MPEG operation, a slice has been encountered with a *ice ven.ca 5 os.acn ess 
than that expected. This is likely to indicate an error in the cocec data 



0xB6 



ERR.SVP_SKlP.ROWS 

During MPEG operation, a slice has been encountered wttn a s;;ce verbal :cs:lc- 
greaterman that expected. This is likely to indicate an error in tr.e coded ra:a. 



0x37 



ERR.FST.MBA.BACKUP 

During MPEG operation, a macroblock has been encountered wo a rr.acrs t z« 
address less man ant expected. This is likely to .ndicate an errcr in the cocec :a:a. 
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enfl_?S7_MBA_SKIP 

During MPEG operation, a macrotiocK has oeen encountered with a macro D.ock < 
address greater man that expected. This is likely to indicate an error *n !r# cccec ca*. 



ESn.PICTURE.END.UNEXPECTHO 

Ounng MPEG operation, a PICTURE.END Token has been encountered ,n an 
unexpected place. This is likely to indicate an error in me coded data. 



OxEC ... OxEr 
OxEO 



Errors reserved for internal test programs 
ERR_TST_PROGRAM 

Mysteriously a/nved in the test program 



0xE1 



ERRJMO.PROGRAM 

if the test program is not compiled in 



0xE2 



OxFO ... OxFF 
OxFO 



ERR.TST.ENO 
End of Test 
Reserved errors 



ERR.UCODE.AODR 
fell off the end of the world 



OxFl 



ERfl.NOTJMPLEMENTED 



Table A.14.12 Parser error codes (Sheet 5 of 5) 

Each standard uses a different sub-set of the defined 
Parser error codes. 



Token Name 


MPEG 


JPEG { H.2S1 | 


SRRJMO.ERROR 


✓ 


' 1 ' 1 


ERR.EXTENSION.TOKEN 


✓ 


' i i 


ERR.EXTENSION.DATA 


✓ 


' 1 ! 


ERR_USER_TOKEN 


- ' I ' ! I 


ERR. USER. DATA 




/ ! i 


ERR.PSPARE 




i ' ! 


ERR.GSPARE 


I ' \ 


ERR.PTYPE 






ERR.JPEG.FRAME 




' i i 


ERR. JP EG .FRAW E .LAST 




' ! i 


ERR. JPEG. SCAN 




' 1 ■ ! 



Table A.14.13 Parser error codes and the different standards 




ERR.SHORT.TOKEN 



£RB,H261.PIC.£ N0,UN£XP£CTED 

ERR_GN_BACKUP 

ERR.GN.SK1P.GOB 

ERR.NBASE.TAB 

ERR.OUANT.PRECISION 

ERR.SAMPUE.PRECISION 

ERfl.NBASE.SCAN 

ERR.UNEXPECTED.DNL 

ERR.EOSJJNEXPSCTED 

ERfl_RESTART_SKIP 

ERR.SKIPJNTRA 



ERR.SKIP.OINTRA 



ERR.BAD.MARKER 


✓ 




1 i 
1 I 


ERR.O.MBTYPE 






! ; 


ERR.D.MBENO 


' 1 1 i 


ERR.SVP.BACKUP 


' 1 1 ! 


ERR_SVP.SKIP.ROWS 


' 1 1 1 


ERR.FST_MBA_BACKUP 


' 1 i i 


ERR_FST.MBA.SKIP 




! 1 


ERR.PICTTJRE.ENO.UNEXPECTEO 


✓ 


1 ! 


ERR.TST.PROGRAM 


✓ 


✓ 


1 ' ! 


ERR.NO.PROGRAM 


✓ 


✓ 


1 ✓ i 


ERR.TST.ENO 


/ 


✓ 


' j 


ERR.UCOOE.ADOR 


/ 


✓ 


✓ i 


ERR.NOTJMPLEMEWTED 


s 







A. 14.1 3 Parser error codes and the different standards (contd) 
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10 



15 



20 



25 



30 



A K.«^ deceiving User and Extension data 

MPEG and JPEG use similar mechanisms to embed user and 
extension data th~ user and 

code The T' 15 Preceded bv - start/marker 

code. The start Code Detector can be configured to h i 
this data (see A li 3 3 , < - , • ° ntlgured to delete 

in such data. A ' 11 - 3 ' 3) lf the ^-ation has no interest 

A- 14. 6.1 Identifying the source of the data 

The Parser events, ERR_EXTENSION_T0KEN and 

have been generated by the start ™. r, - ' OKen = 

art Code Detector, (see 
A. 11. 3 3, they »U1 carry the value of the start/marker 

roth " USed Sta " " derate the 

read, ^ ' ThiS VSlUe « n b ° «•<• by 

Sdln9 . the -"-Vision register „hi!e servicing the 
Parser interrupt. The viri«« n 

1 is wri*,. X Wl11 remain halted until 

1 is written to parser event (see A 6 2 » T „«- 
a 1 ^ a 9 o j ■ ~ r "Interrupts"). 

A. 14. 6.2 Reading the data 

The EXTENSION_DATA and USER DATA Tok.nc \ 
. u*n 1 ^ iOKens are eynprfoH 

be immediately followed by a DATA To^n e *Pected to 

y UArA Token carryina the 
extension or user data Th« 

tne Viaeo 0e mux „n generate IZ " 
or an ERR USER DATA Parser event Th^f ^**_EXT£NSION_DATA 
DATA ToKen can'be read by r « „ J** ° f 
-hil. servicing the interrupt ' r ° m - reViSi °" 
The state of the Video Demul( register, continue, 
deterges behavior after the event is cleared. If this 
register holds the value o fh an 

DATA Token will h remaini "<? data in the 

ATA Token will be consumed by the Video Demux and no 

events will be generated. if the centime ■ 

-Li uie continue is set to i *n 
event will be generated as each byte of extension 
data arrives at the Video De.ux Thil c , " 
DATA miror. ■ u continues until the 

DATA Token is exhausted or continue i s sec to 0. 
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10 



15 



20 



25 



DThe first byte of the extension/user data 

xs always presented via the rom.revision 
regxster regardless of the state of 
continue. 

2) There is no event indicating that the last 
byte of extension/user data has been 
read . 

A. 14. 7 Receiving Extra Information 

s, a nr r 1 /" d b MPEC ; ll0W inf °™«-" extending the coding 
standard to be embedded within pictures and groups of 

; S « (MPEG) . The mechanism L 

tdesc e r r : b n : d fr01 " U «" '« -"-"-ion and user data 

lata an' th" A -"- 6) - N ° S "" COde P'««— th. 

Oetector.' " """" * " 1 « t " » ^ =«.. 

« ^"^ C rr ^r: Parser ™ er ™ e « 

cor™=„ „■ ate the a ««=tion of this information. The 

corresponds, events during „P EG operation are 
ERR_EXTRA_PICTURE and ERR_EXTRA_SLICE 

When the Parser event is generated, the first byte of 
the extra ^formation is presented through the register 
rom_revision. ic y^si:er, 

The state of the video Demux register, continue 
determines behavior aft.r >-k. ue ' 
™„i . w , lor after tne event is cleared, if this 

Infor \ Val " °' th " ^ «-ining extra 

even::"::: i be consumed by °» vi **° °— - ~ 

e"nt „m be •"»*"«•• xf the continue is set to X. an 

«"v. the 9 v n r at : d " ° f i—«-.«on 

in'orn.V Th " «»""»•• until the extra 

NOTE " " haU " ed ° r ««l™e is set to 0. 

l)The first byte of the e yf a ^' 

3 wi- tne extension/user data is 

always presented via the ro m .revision 
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15 



~ » register regardless of the state of 
continue . 

2) There is no event indicating that the last 
byte of extension/user data has been 
read. 

A. 14. 7.1 Generation of the FIELD_INFO Token 

During MPEG operation, if the register field_info is set 
to 1, the first byte of any extra_inf ormation_picture is 
placed in the FIELD_INFO Token. This behavior is not 
covered by the standardization activities of MPEG. Table 
A. 3. 2 shows the definition of the FIELD_INFO Token. 

If field_info is set to l, no Parser event will be 
generated for the first byte of extra_inf ormation_picture . 
However, events will be generated for any subsequent bytes 
of extra_information_picture. If there is only a single 
byte of extra_infornation_picture, no Parser event will 
occur . 

A. 14.8 Changes at the MPEG sequence layer 

The MPEG sequence header describes the following 
characteristic of the video about to be decoded: 

• horizontal and vertical size 
■ pixel aspect ratio 

• picture rate 

• coded data rate 

25 video buffer verifier buffer size 

If any of these parameters change when the Spatial 
Decoder decodes a sequence header, the Parser event 
ERR_MPEG_SEQUENCE will be generated. 
A. 14. 8.1 Change in picture size 

If the picture size has changed, the user's software 
should read the values in horiz_pels and vert_pels and 
compute new values to be loaded into the registers 
horiz_nacroblocks and vert macroblocks. 
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SECTION A. 15 Spatial Decoding 

In accordance with the present invention, the spatial 
decoding occurs between the output of the Token buffer and 
the output of the Spatial Decoder. 

There are three main units responsible for spatial 
decoding: the inverse modeler, the inverse quantizer and 
the inverse discrete cosine transformer. At the input to 
this section (from the Token buffer) DATA Tokens contain a 
run and level representation of the quantized coefficients. 
At the output (of the inverse DCT) DATA Tokens contain 8x8 
blocks of pixel information. 
A. 15.1 The inverse Modeler 

DATA Tokens in the Token buffer contain information 
about the values of quantized coefficients and the number 
15 of zeros between the coefficients that are represented. 

The Inverse Modeler expands the information about runs of 
zeros so that each DATA Token contains 64 values. At this 
point, the values in the DATA Tokens are quantized 
coefficients . 

The inverse modelling process is the same regardless of 
the coding standard currently being used. No configuration 
is required. 

For a better understanding of the modelling and inverse 
modelling function all requirements the reader can examine 
2 5 any of the picture coding standards. 
A. 15.2 Inverse Quantizer 

In an encoder, the quantizer divides down the output of 
the DCT to reduce the resolution of the DCT coefficients. 
In a decoder, the function of the inverse quantizer is to 
multiply up these quantized DCT coefficients to restore 
them to an approximation of their original values. 
A. 15. 2.1 overview of the standard quantization schemes 
There are significant differences in the quantization 
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scheme* »sed by each of the different coding standards. To 
obtain a detailed understanding of the quantization schemes 
used by each of the standards the reader should study the 
relevant coding standards documents. 
5 The register iq_coding_standard configures the operation 

of the inverse quantizer to meet the requirements of the 
different standards. in normal operation, this coding 
register is automatically loaded by the CODING_STANDARD 
Token. See section A. 21.1 for more information about coding 
10 standard configuration. 

The main difference between the quantization schemes is 
the source of the numbers by which the quantized 
coefficients are multiplied. These are outlined below. 
There are also detail differences in the arithmetic 
operations required (rounding etc.), which are not 
described here. 
A. 15. 2.1. 1 H.261 1Q overview 

In H.261, a single "scale factor" is used to scale the 
coefficients. The encoder can change this scale factor 
periodically to regulate the data rate produced. Slightly 
different rules apply to the "DC" coefficient in intra 
coded blocks. 

A. IS. 2 . 1.2 JPEG 10 overview 

Baseline JPEG allows for a picture that contains up to 4 
25 different color components in each scan. For each of these 
4 color components, a 64 entry quantization table can be 
specified. Each entry in these tables is used as the 
"scale" factor for one of the 64 quantized coefficients. 

The values for the JPEG quantization tables are 
contained in the coded JPEG data and will be loaded 
automatically into the quantization tables. 
A. 15. 2. 1.3 MPEG IP overview 

MPEG uses both H.261 and JPEG quantization techniques. 
Like JPEG, 4 quantization tables, each with 64 entries, can 
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Two H ° UeVer ' ° f ^ " bl ' S iS «««.nt. 

intra A T" °' -tra and non- 

««ult tables are defined by MPEG . one is for use with 
-tra data and the other with non-intra data ,see TaL 
A. 15. 2 and Table A. 15.3,. These default tables nust be 
written into the quantization table nenorv of the Spatial 
Decoder before MPEG decoding is possible. 

MPEG also allows two "down loaded" quantization tables. 

data T " ith lntra and " e ° ther »lth non-intra 

data The values for these tables are contained in the 
MPEG data stream and will be loaded into the quantization 

table memory automatically. 

factor . V ° 1Ue ° UtPUt fr °" ^ " bl6S iS ™ 0difled * « 
S.1S.2.2 Inverse quantiser registers 



Register name 



2 



Descriotion 

This access bit stops at operation of me .nverse quantiser so mat s 
various registers can be accessed refiabiy. See A.6.4.1 
This register configures me cooing standaro usee by me inverse 
Quantiser. The register can be loaded directly or by a 
CODING.STANDARO Token. See A.21.1 



>q_*«ynoie_address 



iQ.keyhole_dau 



Keyhole access to the whicn noids me 4 quantiser tacies. See a. 5.4 3 
'or more information about accessing registers thrcugr, a 

keyhole. 



Table A. 15.1 Inverse mi»nf 1 ^ 

c * se quantizer registers 
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In the- present invention, the iq_access register must be 
set before the quantization table memory can be accessed. 
The quantization table memory will return the value zero if 
an attempt is made to read it while iq_access is set to o. 
5 A. 15. 2. 3 Configuring the inverse quantizer 

In normal operation, there is no need to configure the 
inverse quantizer's coding standard as this will be 
automatically configured by the CODING_STANDARD Token. 

For H.261 operation, the quantizer tables are not used. 
10 No special configuration is required. For JPEG operation, 
the tables required by the inverse quantizer should be 
automatically loaded with information extracted from the 
coded data. 

MPEG operation requires that the default quantization 
15 tables are loaded. This should be done while iq_access is 
set to 1. The values in Table A. 15.2 should be written 
into locations 0x00 to 0x3F of the inverse quantizer's 
extended address space (accessible through the keyhole 
registers iq_keyhole_address and iq_keyhole_data ) . 
Similarly, the values in Table A. 15. 3 should be written 
into locations 0x40 to 0x7F of the inverse quantizer's 
extended address space. 
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Table A. 15.2 Default MPEG table for intra coded blocks 

a. Offset from start of quantization table 

memory 

b. Quantization table value. 
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Table A.15.3 Default MPEG table for non-intra coded blocks 
A. 15. 2. 4 configuring tables from Tokens 

As an alternative to configuring the inverse quantizer 
tables via the MPI , they can be initialized by Tokens. 
These Tokens can be supplied via either the coded data port 
or the MPI. 

The QUANT_TABLE Token is described in Table A. 3. 2. it 
has a two bit field tt which specifies which of the 4 (0 to 
3) table locations is defined by the Token. For MPEG 
operation, the default definitions of tables 0 and 1 need 
to be loaded. 

A. 15. 2. 5 quantization table values 

For both JPEG and MPEG, the quantization table entries 
are 8 bit numbers. The values 255 to l are legal. The 
value 0 is illegal. 

A. 15.2. 6 Number ordering of quantization tables 
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The^ntization table values are used in "zig-zag" scan 
order (see the coding standards). The tables should be 
viewed as a one dimensional array of 64 values (rather than 
a 8X8 array) . The table entries at lower addresses 
correspond to the lower frequency DCT coefficients. 

When quantization table values are carried by a 
QUANT.TABLE Token, the first value after the Token header 
is the table entry for the "DC" coefficient. 
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A.i5.*r7» inverse quantizer test -registers 




iq_component 



iq_prediction_mode 



fqjpegjndirection 



This register holds the cu-.en, vaJue or me cuamaauon scae : ac: cr. , :S " 
loaded by th. QUANT.SCALE Token. This is no. ,. se<J awg ==3 
operation. 



This register holds the two Pit component 10 taken from me most recert 
DATA Token head. This value is involved in the selection of :ne 
quantiser table. 

The register will also hold the table ID after a QUANT_TABLE Tsuen 
arrives to load the table. 
This holds the two LSBs of the most recent PREDlCTION_MODE 
Token. 



This register relates the two bit component id numoer of a DATA 'zKen 
to the table number of the quantisation table that should -sec. 
Bits 1:0 specify the table numoer that will be sued with component : 
Bits 3:2 specify the table number that will be sued with component : 
Bits 5:4 specify the table number that will be sued with eomocr.em 2 
Bits 7:6 specify the table number that will be suec with component 3 
This register is loaded by JPEG.TABLE.SELECT Tokens. 



iq_mpeg_inairection 



2 

rw 



This two bit register recoras whether to use default or cown ioacec 

quantisation tables with the intra and non-intra data. 

A 0 in the bit position indicates that the default table should 5e usee, a i 

indicates that a down loaded table should be used. 

Bit 0 refers to intra data. Bit 1 refers to non-tntra data. This register s 

normally loaded by the Token MPEG_TABLE_SELECT. 



Table A.15.4 Inverse quantiser test registers 
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A. 15.*-. inverse Discrete Cosine Transform 

The inverse discrete transform processor of the present 
invention meets the requirements set out in CCITT 
recommendation H.261, the IEEE specification P1180 and 
complies with the requirements described in current draft 
revision of MPEG. 

The inverse discrete cosine transform process is the 
same regardless of which coding standard is used. No, 
configuration by the user is required. 

There are two events associated with the inverse 
discrete transform processor. 



Register name 


SIza/DIr. 


Reset Stale 


Description 


i ldc:_too_few_event 

i 
1 
i 


1 

rw 


0 


The inverse OCT requires that ail DATA Tokens contain exactly 
values. If less :han 64 values are found men the too-few event wi,*i ze 
generated, if the mask register is set to 1 then an interrupt can re 
generated and the inverse OCT will halL 

This event should only occur following an error in the coded cata. 


idct_too_few_mask 


1 

rw 


0 


idc:_too_many_event 


1 

rw 


0 


The Inverse OCT requires that all DATA Tokens contain exactly 64 
vaJues. If more man 64 values are found then the too-many event will be 1 
generated, if the mask register is set to 1 then an interrupt can be ! 
generated and the Inverse OCT will halt. 

This event should only occur following an error in the coded data. 


idct_too_many_mask 


1 

rw 


0 



Table A.15.5 Inverse DCT event registers 



For a better understanding of the DCT and inverse DCT 
function the reader can examine any of the picture coding 
15 standards. 
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SECTION A. 16 Connecting to the output of Spatial 
Decoder 

The output of the Spatial Decoder is a standard Token 
Port with 9 bit wide data words. See Section A. 4 for more 
information about the electrical behavior of the interface. 

The Tokens present at the output will depend on the 
coding standard employed. By way of example, this section 
of the disclosure looks at the output of the Spatial 
Decoder when configured for JPEG operation. This section 
also describes the Token sequence observed at the output of 
the Temporal Decoder during JPEG operation as the Temporal 
Decoder doesn't modify the Token sequence that results from 
decoding JPEG. 

However, MPEG and H.2 61 both require the use of the 
15 Temporal Decoder. See section A. 19 for information about 
connecting to the output of the Temporal Decoder when 
configured for MPEG and H.261 operation. 

Furthermore, this section identifies which of the Tokens 
are available at the output of the Spatial Decoder and 
which are most useful when designing circuits to display 
that output. other Tokens will be present, but are not 
needed to display the output and, therefore, are not 
discussed here. 

This section concentrates on showing: 
25 ' How the start and end of sequences can 

be identified. 
• How the start and end of pictures can be 
identified. 

How to identify when to display the picture. 
How to identify where in the display the 
picture data should be placed. 



30 
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A* 16 • 1 Structure of JPEG pictures 

This section provides an overview of some features of 
the JPEG syntax. Please refer to the coding standard for 
full details. 

5 JPEG provides a variety of mechanisms for encoding 

individual pictures. JPEG makes no attempt to describe how 
a collection of pictures could be encoded together to 
provide a mechanism for encoding video. 

The Spatial Decoder, in accordance- with the present 

10 invention, supports JPEG's baseline sequential mode of 
operation. There are three main levels in the syntax: 
Image, Frame and Scan. A sequential image only contains a 
single frame. A frame can contain between 1 and 256 
different image (color) components. These image components 

15 can be grouped, in a variety of ways, into scans. Each 
scan can contain between 1 and 4 image components (see 
Figure 81 "Overview of JPEG baseline sequential 
structure") . 

If a scan contains a single image component, it is non- 
20 interleaved, if it contains more than one image component, 
it is an interleaved scan. A frame can contain a mixture 
of interleaved and non-interleaved scans. The number of 
scans that a frame can contain is determined by the 256 
limit on the number of image components that a frame can 
25 contain. 

Within an interleaved scan, data is organized into 
minimum coding units (MCUs) which are analogous to the 
macroblock used in MPEG and H.261. These MCUs are raster 
ordered within a picture. In a non- inter leaved scan, the 
30 MCU is a single 8x8 block. Again, these are raster 
organized. 

The Spatial Decoder can readily decode JPEG data 
containing 1 to 4 different color components. Files 
describing greater numbers of components can also be 
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decoded. However, some reconfiguration between scans may 
be required to accommodate the next set of components to be 
decoded . 

A. 16 .2 Token sequence 

The JPEG markers codes are converted to an analogous 
MPEG named Token by the Start Code Detector (see Table 
A. 11.4, see Fig. 82 "Tokenized JPEG picture") . 



SECTION A. 17 Temporal Decoder 

• 30 MH, operation 

•Provides temporal decoding for MPEG & H.261 video decoders 
■H.261 CIF and QCIF formats 

•MPEG video resolutions up to 704x480, 30 Hz, 4:2:0 

• Flexible chroma sampling formats 

• Can re-order the MPEG picture sequence 
•Glue-less DRAM interface 

■ Single +5V supply 

• 208 pin PQFP package 

•Max. power dissipation 2 . 5W 

• Uses standard page mode DRAM 

The Temporal Decoder is a companion chip to the Spatial 
Decoder. It provides the temporal decoding required by 
H.261 and MPEG. 

The Temporal Decoder implements all the prediction 
forming features required by MPEG and H.261. With a single 
4 Mb DRAM (e.g., 512 k x 8) the Temporal Decoder can decode 
CIF and QCIF H.261 video. With 8 Mb of DRAM (e.g., two 256 
k x 16) the 704 x 480, 30Hz, 4:2:0 MPEG video can be 
decoded . 

The Temporal Decoder is not required for Intra coding 
schemes (such as JPEG) . If included in a multi-standard 
decoder, the Temporal Decoder will pass decoded JPEG 
pictures through to its output. 

Note: The above values are merely illustrative, by way of 
example and not necessarily by way of limitation, of one 
embodiment of the present invention. It will be 
appreciated that other values and ranges may also be used 
without departing from the invention. 
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A.l7.r" Temporal Decoder Signals 



1 Signal Name 


| I/O 


Pin Numoer 


J Oescnoticn 


in_3ata(8:0] 


I 


173, 172. 171, 169. 168. 167. 166. 164. 
163 


input Pen. This a a siancarr rwo w.re 
interface norrrjHy ccnnec:ec :o T.e 


in_extn 


1 


174 


OutDut Par: at Snafiai ~-c*-~* A , 


in_vaiid i 


162 


in.accept 


0 


161 


See sections a. 4 2 ~. 3 
A.18.1 


enaoie(1:0] j i 


126. 127 * 


| Micro Processor interface .VP ; '. 


rw 


1 

1 


125 




aoor[7:0] 


1 
1 


137, 136, 135. 133. 132. 131. 130. 128 




data [7:0] 


r\ 
w 


152. 151. 149, 147. 145. 143. 141. 140 


See A.6.1 on ;age 59. 


trq 


o 


154 




DRAM_data(3l:0] 
I — 


I/O 


1 5. 17. 1 9. 20. 22. 25. 27. 30. 31 , 33. 35. 
38. 39. 42. 44. 47. 49, 57. 59. 61 , 63. 66. 
68, 70, 72. 74. 76, 79, 81. 83. 84. 85 


DRAM interface. 

* 


DRAM_addr[iO:0] 


o 


184, 186. 188 189 192 193 1Q* iQ7 
199. 200. 203 


See section A. S. 2 


, *a§ 


o 


1 1 






o 


2. 4. 6. 8 






0 


!2 




i 51 


o 


204 


j 


ORAM.enaole 


1 


112 




out„aaia[7:0] 


o 


89. 90, 92. 93. 94. 95, 97. 98 


Output P on. This is a stare a/? rwo wre 


out.ertn 


o 


87 


interface. 


out.valid 


o 


99 


out.accept 


1 


100 


See sections A.4 arc A. 1 9 


i tCK 

I . 


1 


115 


JTAG port. 


| tdi 


1 


116 




' too 

* 


0 


120 


See secoon ^3 


tm$ 


1 | 117 




trst 


I 121 




decooer_ciock 


I 

1 


177 


The mam cecccer cioctc See 
Table A.7.2 


reset 


I | 160 


Reset 



Table A.17.1 Temporal Decoder signals 



339 



Signal Name 



Description 



tpMish 



overnde 



two phase dock. 

For normaJ operation set override = 0. tphOish ana tpniisn are 
ignored (so connect to GND or V 00 ). 
Set cnlptest a o (or normal operation. 
Connect to GND or V D0 d uing normal opera:ca 
if ramtest > 1 test of the on<hip rams a enabled. 

Set ramtest » 0 for normaJ operation, 
if pltselect * 0 the ornrhip phase lockea loors are cisaoied. 
Set pllselect = 1 for normal operation. 



tq 



180 



179 



Two docks required by the DRAM interface =-r;ng ; e5 : coerancn. 
Connect to GND or V 00 during normal ooeraion. 



pdout 



207 These two pins are connections for an 
external fitter for the phase lock loop. 
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SignaJ Nam*-* 


« Pin 


J SignaJ Name 


Pin 


Signal Name 


Pin 


Signal Name 


P:n j 




DRAM_addr(4] 


195 


data(2] 


143 


VOO 


91 


| CRAM_caia(i91 


39 : 




VOO 


194 


nc 


142 


out.data(6] 


90 


CRAM cata(20] 


38 ! 


1 DRAM_accr(5] 
i ■ — 


193 


data(i] 


141 


out_oaia(7] 


89 


rc 


37 j 


| 0RAM_acdrf6] 

i ■ 


192 


data(0] 


140 


|nc 


88 


GNO 


36 i 


j ■ >U 


191 


nc 


139 


out.extn 


87 


j C?.AM_ca:ai2i; 


35 




190 


VOO 


138 


GNO 


86 


1 •* 

i 




j uHAM_aadrr/j 


189 


addrf7] 


137 


DRAM_data(OJ 


85 


| 0RAM.data!22i 


33 


| DRAM_addr[8) 


188 


acdr(6] 


136 


DRAM_data(i] 


84 


vro 


32 


I 

! voo 


187 


addf[5] 


135 


DRAM_cata{2) 


83 


| CRAM_eaia{23) 


31 


| DRAM_addr(S) 


186 


GNO 


134 


voo 


82 


ORAW_data(24j 


30 


1 

j nc 


185 


addr(4] 


133 


ORAM.data(3] 


81 


1 * 


29 


| ORAM.addrpOJ 


184 


addf[3) 


132 


nc 


80 


GNO 


28 


1 GNO 

r— : 


183 


addr(2] 


131 


DRAM_dataf4] 


79 


CRAM_cata(2Sj 


27 


1 nc 


182 


addr(i] 


130 


GNO 


78 


nc 


25 


j VOO 


181 


voo 


129 


| nc 


77 


ORAM_cara(2S! 


25 


! :est pm 


180 


addr(0] 


128 


DRAM_data{5] 


76 


nc 


24 


i 

j test pin 


179 


enaoie(0] 


127 


nc 


75 


v*0 


23 


test pm 


178 


enaoief 1 ) 


126 


ORAM_data(6] 


74 } 


C=AM.aa:a(27; 


22 


decocer_cioc* 


177 


rw 


125 


VOO 


73 


r.c 


21 


nc 


176 


GNO 


124 


DRAM_data(7) 


72 


D?.AM - data(221 


20 


j GNO 


175 


test pm 


123 


nc 


71 


DRAM_data(29i 




; in.extn 


174 


test pin 


122 


DRAM_data{8] 


70 


GNO 


18 


m_<3aia(8] 


173 


trst 


121 


GNO 


69 


CRAM_oaiai3C 


17 


in_data(7] 


172 


tdo 


120 


DRAM_data(9] 


68 


nc 


16 ! 


»n_daia(6] 


171 


nc 


119 


nc 


67 


ORAM_cata(3:i 


1 5 \ 


VOO 


170 


voo 


118 


DRAM.data|iO] 


66 | 


vOD 


14 


mjaatafS] 


169 


tmt 


117 


voo 


65 


nc 


13 


[ in.data(4] 


168 


tdi 


116 


nc 


64 


w? 


:2 


i m_catai3] 


167 


tck 


115 


ORAM.data(nj 


63 j 


n75 




| 'n.caia(2J 


166 


test pin 


114 


nc 


62 


r.c 




GNO 


165 


GNO 


113 


ORAM.cata(i2] 


61 


GNO 


9 


m_cata(i] 


164 


ORAM.enafile 


112 | 


GNO 


60 


Ca5(0] 


a 


in_caia(Cl 


163 


test pm 


111 


DRAM_oata(i3] 


59 | 


nc 




in^vajia 


162 


test pin 


110 


nc 


58 


Ca5{1] 


5 


•n^acceot 


161 


test pin 


109 


ORAM_oata(l4] 


57 


VCO - 



Table A.17.3 Temporal Decoder Pin Assignments (contd) 
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Signal Nam* 


Pin 


Signal Name 


Pin 


SignaJ Name 


Pin 


Signal Name 


Pin j 


reset 


160 


nc 


108 


voo 


56 


Ca5[2] 


4 t 


voo 


159 


nc 


107 


nc 


55 


nc 


3 ; 


nc 


158 


nc 


106 


nc 


54 


CaS(3J 


2 


nc 


157 


nc 


105 


nc 


53 


nc i 



Table A. 17. 3 Temporal Decoder Pin 
As s ignment s ( contd ) 



A. 17.1.1 M nc" no connect pins 

The pins labelled nc in Table A. 17. 3 are not currently 
used in the present invention and are reserved for future 
products. These pins should be left unconnected. They 
should not be connected to V DDt GND, each other or any 
other signal. 

A. 17. 1.2 V DD and GND pins 

As will be appreciated all the V DD and GND pins provided 
must be connected to the appropriate power supply. The 
device will not operate correctly unless all the V DD and 
GND pins are correctly used. 

A. 17. 1.3 Test pin connections for normal operation 

Nine pins on the Temporal Decoder are reserved for 
internal test use . 



Pin number 


Connection 




Connect to GNO for normal operation | 




Connect to V 00 for normal ootration j 




Leave Open Circuit for normal operauon I 



Table A. 17. 4 Default test pin connections 
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A.i7.a?r4« jtag pins for normal operation 

See Section A. 8.1. 



Addr. (hex) 


j Register Name 


See ;ac:e 


0x00 ... 0x01 


| interrupt service area 


J A. 17.6 J 


0x02 ... 0x07 


Not used [ j 


0x08 


Chip access 


A. 17.7 j 


0x09 .„ OxOF 


Not used 


i 


0x10 


Picture sequencing 


A.:7.3 


0x11 ... OxiF 


, Not used 


I 
i 


0x20 ...0x2E j 


ORAM interface configuration registers j 


A.: 7.9 


0x2F ... 0x3F 


Not used | 




j 0x40 ...0x53 j 


Buffer configuration j 


A.17.3 j 


0x54 ... 0x5F 


Not used | 




0x60 ... OxFF 


Test registers 


A. 1 7. ! 1 



e A. 17. 5 overview of Temporal Decod 
memory map 



Addr. 


Bit 




(hex) 


num. 


Register Name j Page references 

i i 


0x00 


7 


chip.event • 




6:2 


not used j 




1 


cftip.stopped.event j 




0 


count.error.event j t 


0x01 


7 


chip_ma*k 1 ' 




6-2 


not used ; 




' 1 


cnip.stopped.mask j ; 




0 


count_error_ma»n ; 



Interrupt service area regist 
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Adcr. 


3it 






(hex) 


num. 


Register Name 


Page references 


0x08 




not used 


! 




0 


chip_acces$ 


j 



Table A, 17. 7 Chip access register 



Addr. 


Bit 






(hex) 


num. 


Register Name 


| Page references 

1 


0x10 


7:1 


not used j j 


1 


0 


MPEG.reordering j 



Table A. 17.8 Picture sequencing 
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Addr. 


Bit 


! 


(hex) 


num. 


HegisiefNam* | Page references 

I 


0x20 


7:5 


not used | 
■ ! i 




4:0 


page_startjengtn(4:0] : 


0x21 


7:4 


not used t 
1 . 1 ! 




3:0 


read_cycle_iengtn(3:0] j j 


0x22 


7:4 


not used 

. m i 




3:0 


write_cyciejengtn(3:0] | f 


Cx23 


7:4 


not used i i 
m l_ ; 




3:0 


refresh_cycl«jength[3:0] | 


0x24 


7:4 


not used i 




3:0 


CAS.falling[3:0] | 


0x25 


7:4 


not used j 




3:0 


RAS.failing[3:0] 1 j 


0x26 


7:1 


not used | 




0 


interface_timing_access j 


0x27 


7:0 


not used j 


0x26 


7:6 


RAS_strengtfi{2:0] j j 




5:3 


OEWE_strength(3:0] j j 




2:0 


DRAM_data_strength(3:0J j 


0x29 


7 


not used j 




6:4 


ORAM - addr_str«ngth(3:0] 




3:1 


CAS_stftngtn(3:0J | 




0 


RAS_strength[3] i 



Table A. 17. 9 DRAM interface configuration registers 
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Adar. 
(hex) 


Bit 
num. 


Register Name 


Page references j 


0x29 


7 


not used j 




6:4 


DRAM_addr_strengtft[3:0] | 




3:1 


CAS.strength(3:0] , 




0 


RAS_strengtn[3] , 


0x29 


7:6 


RAS_strengtft(2:0] | 






OEWE.strength(3:0] 






2-0 


ORAM.data.strength(3:0] ; 






70 


refrtshjnterval 




0x29 


f .V 


not used | i 


WMW 


/ .o 


not used ; 




e 
9 


DRAM_enafcie j ; 




4 


no.refresn j 






3:2 


row_addfess_bits(1:0] | j 




,:0 | 


ORAM.dau.width[i :0] i 




0x20 


7:0 | 


not used ,' 




0x2E | 


7:0 


Test registers \ 



Table A. 17. 9 DRAM interface configuration 
registers ( contd ) 



Addr. 


Bit 










Register Name 


Page references 


(hex) 


num. 




i 


0x40 


7:0 


not used 




0x41 


72 




; 


1:0 


picture_buffer_0[17:0] 




' 0x42 


7:0 


0x43 


7:0 


0X44 


7:0 


not used 




0x45 


7:2 


1:0 


picture_au«er_1(17:0) j 

i 


0x46 


7:0 


0x47 


| 7:0 



Table A. 17.10 Buffer configuration registers 




0x53 | 7:0 

Table A.17.10 Buffer configuration registers (contd) 



Addr. 
(hex) 


Bit 
num. 


Register Name 


Page references 


0x2E 


7... 4 
3... 0 


PU. resistors 


i 


0x60 


7... 6 


not used j j 


5. ..4 


codlng_standard(l:0] j j 


3. ..2 


picture_Typ«(l:0J | 


1 


H26l.f1lt 


0 


H261.SJ 


I 


0x61 


7... 6 component.id i j 


5.. .4 j prediction_mode 




1 


3 ... 0 j max.samoling 




0x62 j 7 ... 0 | samp.h 




0x63 | 7...0 


samp.v 


i 



Table A.17.11 Test registers 
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ACdf. 

(hex) 
0x64 



Bit 
num. 
7 ... 0 j bacx n 



0x65 



7 ...0 



Register Name 



Page references : 



0x66 



0x67 



7...0 



7...0 



fcack.v 



0x68 



0x69 



7...0 



7...0 



forw n 



0x6A 



0x6S 



7 ...0 



7 ...0 



forw_v 



0x6C 



0x60 



7...0 



7... 0 



width_in_mo 



Table A.17.11 Test registers (contd) 
Table A.17.11 Test registers (contd) 
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SECTION A. 18 Temporal Decoder Operation 

A. 18,1 Data input 

The input data port of the Temporal Decoder is a 
standard Token Port with 9 bit wide data words. In most 
applications, this will be connected directly to the output 
Token Port of the Spatial Decoder . See Section A. 4 for 
more information about the electrical behavior of this 
interface. 

A. 18 .2 Automatic configuration 

Parameters relating to the coded video's picture format 
are automatically loaded into registers within the Temporal 
Decoder by Tokens generated by the Spatial Decoder. 



Token 


Configuration performed 


CODINGSTANDARD 


The coding standard of the Temporal 
Decoder is automatically configured by the 
COD I NONSTANDARD Token. This is generated 
by the Spatial Decoder each time a new 
sequence is Btarted. See Figure 58 


DEFINE SAMPLING 


The horizontal and vertical chroma 
sampling information for each of the color 
components is automatically configured by 
DEFINE_SAMPLING Tokens. 


HORI ZONTAL_MB S 


The horizontal width of pictures in macro 
blocks is automatically configured by 
HORI ZONTALMBS Token. 



Table A.18.1 Configuration of Temporal 
Decoder via Tokens 
A. 18 .3 Manual configuration 

The user must configure (via the microprocessor 
interface) application dependent factors. 



A.is.^nim When to configure 

The Temporal Decoder should only be configured when no 
data processing is taking place. This is the default state 
after reset is removed. The Temporal Decoder can be 
stopped to allow re-configuration by writing l to the 
chip_access register. After configuration is complete, o 
should be written to chip_access. 

See Section A. 5.3 for details of when to configure the 
DRAM interface. 

A. 18.3*2 DRAM interface 

The DRAM interface timing must be configured before it 
is possible to decode predictively coded video (e.g., H.261 
or MPEG). See Section A. 5, "DRAM Interface". 



cnip_access 



chip_stopped_event 



chip_stopped_mask 



coum.error_event 



count_error.masK 



pic:ure_buffer_0 



picture_Ouffer_l 



| component.offsetj) 



L 



compon«nt_offset_l 



component_off$et.2 



1 

rw 
1 

rw 



1 

rw 



18 
rw 



18 
rw 
17 
rw 



Writing i ; 0 chip.access requests mat the -emocrai Zeccrer n a ;i 
operaoon to allow reconfiguration. The Terr tern Decocsr *,n 
continue operating normally until it reaches :-e erd c' -e cur-en: 
v.deo sequence. After reset * removed chip.access* i 
Temporai Decoder is halted. 

When me chip stops a chip stopped event will occur. « 

chip.stopped.mask = 1 an interr upt will be generated. 

The Temporal Decoder has an adder that aces precic-jcr* :o errzr 

data. If there is a difference between the nurr.cer of error -ata Dytes 

and me number of prediction data bytes then a count error event :$ 

generated. 

If count.error.mask m i an interrupt will be general*: a.-r 
prediction forming will stop. 

This event should only arise following a harcware error. 
These specify me base accresses for the p.crjre Suffers. 



17 
rw 



17 



These specify me offset from me picture buffer pointer a: *r, c - 
each of me colour components is stored. Data with compcren; :d = 
n is stored starting at me position indicated by 
component.offset.n. See A.3.5.1, "Competent leertifcasc-n 
number* 



MPSG.reoroering 



Setting mis register to 1 manes me Temporal decoder cra—s :--e 
picture order from the non<ausal MPEG picture secuencs :c r.e 
correct display order by the. See A. 18.3.5 

This register should is ignored during JPEG and H.26i 



Table A.18.2 Temporal Decoder registers 
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A. 18.3^3. Numbers in picture buffer registers 

The picture buffer pointers (is bit) and the component 
offset (17 bit) registers specify a block (8x8 bytes) 
address, not a byte address. 
A. 18. 3. 4 Picture buffer allocation 

To decode predictively coded video (either H.261 or 
MPEG) the Temporal Decoder must manage two picture buffers. 
See Section A. 18.4 and A. 18.4.4 for more information about 
how these buffers are used. 

The user must ensure that there is sufficient memory 
above each of the picture buffer pointers (picture_buf f er 0 
and picture_buffer_l) to store a single picture of the 
required video format (without overlapping with the other 
picture buffer). Normally; one of the picture buffer 
15 pointers will be set to 0 (i.e., the bottom of memory) and 
the other will be set to point to the middle of the memory 
space . 

A. 18 . 3 . 4 . l — Normal configu ration for MPEG or H.261 

H.261 and MPEG both use a 4:1:1 ratio between the 
different color components (i.e., there are 4 times as many 
luminance pels as there are pels in either of the 
chrominance components) . 

As documented in Section A. 3. 5.1, "Component 
Identification number", component 0 will be the luminance 
2 5 component and components 1 and 2 will be chrominance. 
An example configuration of the component offset 
registers is to set component_of f set_0 to 0 so that 
component 0 starts at the picture buffer pointer. 
Similarly, component_of f set_l could be set to 4/6 of the 
picture buffer size and component_of f set_2 could be set to 
5/6 of the picture buffer size. 
A. 18. 3. 5 Picture sequence re-ordering 

MPEG uses three different picture types: Intra (I), 
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Predicted (P) and Bidirectionally interpolated (B) . B 
pictures are based on predictions from two pictures: one 
from the future and one from the past. The picture order 
is modified at the encoder so that I and P picture can be 
decoded from the coded date before they are required to 
decode B pictures. 

The picture sequence must be corrected before these 
pictures can be displayed. The Temporal Decoder can 
provide this picture re-ordering (by setting register 
MPEG_reordering = l) . Alternatively, the user may wish to 
implement the picture re-ordering as part of his display 
interface function. Configuring the Temporal Decoder to 
provide picture re-ordering may reduce the video resolution 
that can be decoded, see Section A. 18.5. 
A. 18.4 Prediction forming 

The prediction forming requirements of H.261 decoding 
and MPEG decoding are quite different. The CODING^ STANDARD 
Token automatically configures the Temporal Decoder to 
accommodate the prediction requirements of the different 
standards. 

A. 18.4.1 JPEG Operation 

When configured for JPEG operation no predictions are 
performed since JPEG requires no temporal decoding. 
A. 18.4.2 H.2 61 Operation 

In H.261, predictions are only from the picture just 
decoded. Motion vectors are only specified to integer 
pixel accuracy. The encoder can specify that a low pass 
filter be applied to the result of any prediction. 

As each picture is decoded, it is written in to a 
picture buffer in the off-chip DRAM so that it can be used 
in decoding the next picture. Decoded pictures appear at 
the output of the Temporal Decoder as they are written into 
the off -chip DRAM. 

For full details of prediction, and the arithmetic 
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operations involved, the reader is directed to the H.261 
standard. The Temporal Decoder of the present invention is 
fully compliant with the requirements of H.261. 
A. 18.4.3 MPEG Operation (without re-ordering) 
5 The operation of the Temporal Decoder changes for each 

of the three different MPEG picture types (I, P and B) . 

"I" pictures require no further decoding by the Temporal 
Decoder, but must be stored in a picture buffer (frame 
store) for later use in decoding P and B pictures. 

10 Decoding P pictures requires forming predictions from a 

previously decoded P or I picture. The decoded P picture 
is stored in a picture buffer for use in decoding P and B 
pictures. MPEG allows motion vectors specified to half 
pixel accuracy. On-chip filters provide interpolation to 

15 support this half pixel accuracy. 

B pictures can require predictions from both of the 
picture buffers. As with P pictures, half pixel motion 
vector resolution accuracy requires on chip interpolation 
of the picture information. B pictures are not stored in 

20 the off-chip buffers. They are merely transient. 

All pictures appear at the output port of the Temporal 
Decoder as they are decoded. So, the picture sequence will 
be the same as that in the coded MPEG data (see the upper 
part of Figure 85) . 

25 For full details of prediction, and the arithmetic 

operations involved, the reader is directed to the proposed 
MPEG standard draft. These requirements are met by the 
Temporal Decoder of the present invention. 
A. 18. 4. 4 MPEG Operation (with re-ordering) 

30 When configured for MPEG operation with picture re- 

ordering (MPEG_reordering = 1) , the prediction forming 
operations are as described above in Section A. 18 .4. 3. 
However, additional data transfers are performed to re- 
order the picture sequence. 
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B pictture decoding is as described in section A. is. 4 3 
However, 1 and P pictures are not output as they are * 
decoded. Instead, they are written into the off-chip 
buffers (as previously described) and are read out only 
when a subsequent I or P picture arrives for decoding. 
A. 18 .4.4.1 — Decoder start-up characteristics 

The output of the first I picture is delayed until the 
subsequent P (or I) picture. starts to decode. This should 
be taken into consideration when estimating the start-up 
characteristics of a video decoder. 

A. 18. 4. 4. 2 Decoder shut-down charaeteriatiea 

The Temporal Decoder relies on subsequent P or I 
pictures to flush previous pictures out of its off-chip 
buffers (frame stores). This has consequences at the end 
of video sequences and when starting new video sequences. 
The Spatial Decoder provides facilities to create a "fake" 
I/P picture at the end of a video sequence to flush out the 
last P (or I) picture. However, this "fake" picture will 
be flushed out when a subsequent video sequence starts. 

The Spatial Decoder provides the option to suppress this 
"fake" picture. This may be useful where it is known that 
a new video sequence will be supplied to the decoder 
immediately after an old sequence is finished. The first 
picture in this new sequence will flush out the last 
25 picture of the previous sequence. 
A. 18. 5 Video resolution 

The video resolution that the Temporal Decoder can 
support when decoding MPEG is limited by the memory 
bandwidth of its DRAM interface. For MPEG, two cases need 
30 to be considered: with and without MPEG picture re- 
ordering. 

Sections A. 18.5.2 and A. 18. 5. 3 discuss the worst case 
requirements required by the current draft of the MPEG 
specification. Subsets of MPEG can be envisioned that have 
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onlv iT! " bandWidth ^irements. For example, using 
only mteger resolution mQt . on vectQrs alternat . ve 

not using B pictures, significantly reduce the memory ' 
bandwidth requirements. Such subsets are not analyzed 

A.18.S.1 Characteristics of ORAM interface 

The number of cycles taken to transfer data across the 
DRAM interface depends on a number of factors: 

The timing configuration of the DRAM interface 
to suite the DRAM employed 

The data bus width (8, 16 or 32 bits) 

The type of data transfer: 

• 8x8 block read or write 

• for prediction to half pixel accuracy 

• for prediction to integer pixel accuracy 

See section A. 5, "DRAM Interface", for more information 
about the detail configuration of the DRAM interface. 

Table A. 18. 3 shows how many DRAM interface "cycles" are 
required for each type of data transfer. 
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transfers 



4 page address «> 27 
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Table A. 18.3 Data transfer times for Temporal Decoder 
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Tab** -a. is. 4 takes the figures, in Table A. 18. 3 and 
evaluates them for a "typical" DRAM . In this example, a 27 
MHz clock is assumed. It will be appreciated that while 27 
MHz is used here, it is not intended as a limitation. The 
access start takes n ticks (102ns) and the data transfer 
takes 6 ticks (56 ns) . 

A. 18. 5. 2 MPEG resolution without re-ordering 

The peak memory bandwidth load occurs when decoding B 
pictures. m a "worst case" scenario, the B frame may be 
formed from predictions from both the picture buffers with 
all predictions being to half pixel accuracy. 
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Table A. 18. 4 Illustration with "typical" DRAM 
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Using the example figures from Table A. 18. 4, it can be 
seen that it wi take the DRAM interface 3815 ns to read 
the data requii s .-. for two accurate half pixel accurate 
predictions (via a 32 bit wide interface) . The resolution 
that the Temporal Decoder can support is determined by the 
number of ziiase predictions that can be performed within 
one picture time. In this example, the Temporal Decoder 
can proems 8737 8x8 blocks in a single 33 ms picture 
period (e g., for 30 Hz video). 
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If the- required video format is 704 x 480, then each 
picture contains 7920 8 x 8 blocks (taking into 
consideration the 4:2:0 chroma sampling). It can be seen 
that this video format consumes approx. 91% of the 
available DRAM interface bandwidth (before any other 
factors such as DRAM refresh are taken into consideration). 
Accordingly, the Temporal Decoder can support this video 
format. 

A. 18 .5.3 MPEG resolution with re-ordering 

When MPEG picture re-ordering is employed the worst case 
scenario is encountered while P pictures are being decoded. 
During this time, there are 3 loads on the DRAM interface: 

• form predictions 

• write back the result 

• read out the previous P or I picture 

Using the example figures from Table A. 18. 3, we can find 
the time it takes for each of these tasks when a 32 bit 
wide interface is available. Forming the prediction takes 
190/ ns/n while the read and the write each take 991 ns, a 
20 total of 3889 ns . This permits the Temporal Decoder to' 
process 8435 8x8 blocks in a 33 ms period. 

Hence, processing 704 x 480 video will use approximately 
93% of the available memory bandwidth (ignoring refresh). 
A. 18. 5.4 H.261 

25 H.261 only supports two picture formats CIF (352 x 288) 

and QCIF (172 x 144) at picture rates up to 30 Hz. A CIF 
picture contains 2376 8x8 blocks. The only memory 
operations required are the writing of 8 x 8 blocks and the 
forming of predictions with integer accuracy motion 

3 0 vectors. 

Using the example figures from Table A. 18.4 for an 8 bit 
wide memory interface, it can be seen that writing each 
block will take 3657 ns while forming the prediction for 
one block will take 3963 ns/n, a total of 7620 ns per 
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block.— therefore, the processing time for a single CIF 
picture is about 18 ms, comfortably less than the 33 ms 
required to support 30 Hz video. 
A. 18. 5.5 JPEG 

The resolution of JPEG "video" that can be supported 
will be determined by the capabilities of the Spatial 
Decoder of the invention or the display interface. The 
Temporal Decoder does not affect JPEG resolution. 
A. 18. 6 Events and Errors 
A. 18 .6.1 Chip Stopped 

In the present invention, writing 1 to chip_access 
requests that the Temporal Decoder halt operation to allow 
re-configuration. Once received, the Temporal Decoder will 
continue operating normally until it reaches the end of the 
current video sequence. Thereafter, the Temporal Decoder 
is halted. 

When the chip halts, a chip stopped event will occur. 
If chip_stopped_mask=l , an interrupt will be generated. 
A. 18.6.2 Count Error 

The Temporal Decoder, of the present invention, contains 
an adder that adds predictions to error data. If there is 
a difference between the number of error data bytes and the 
number of prediction data bytes, then a count error event 
is generated. 

If count_error_mask = 1 an interrupt will be generated 
and forming prediction will stop. 

Writing l to count_error_event clears the event and 
allows the Temporal Decoder to proceed. The DATA Token 
that caused the error will then proceed. However, the DATA 
Token that caused the error will not be of the correct 
length (64 bytes) . This is likely to cause further 
problems. Thus, a count error should only arise if a 
significant hardware error has occurred. 



359 



SECTION A. 19 Connecting to the output of the 
Temporal Decoder 

The output of the Temporal Decoder is a standard Token 
Port with 8 bit wide data words. See Section A. 4 for more 
information about the electrical behavior of the interface 
The Tokens present at the output of the Temporal Decoder 
will depend on the coding standard employed and, in the 
case of MPEG, whether the pictures are being re-ordered. 
This section identifies which of the Tokens are available 
at the output of the Temporal decoder and which are the 
most useful when designing circuits to display that output. 
Other Tokens will be present, but are not needed to display 
the output and, therefore they are not discussed here. 
This section concentrates on showing: 

How the start and end of sequences can be identified. 
•How the start and end of pictures can be identified. 
How to identify when to display the picture. 
How to identify where in the display the picture 
data should be placed. 
A. 19.1 JPEG output 

The Token sequence output by the Temporal Decoder when 
decoding JPEG data is identical to that seen at the output 
of Spatial Decoder. Recall, jpeg does not require 
processing by the Temporal Decoder. However, the Temporal 
Decoder tests intra data Tokens for negative values 
(resulting from the finite arithmetic precision of the IDCT 
in the Spatial Decoder) and replaces them with zero. 

See Section A. 16 for further discussion of the output 
sequence observed during JPEG operation. 
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A - 19 -*- H.261 Output 

A. 19. 2.! start and end of sessions 

H.261 doesn't signal the start and end of the video 
stream within the video data. Nevertheless, this is 
implied by the application. For example, the sequence 
starts when the telecommunication connection is made and 
ends when the line is dropped. Thus, the highest layer in 
the video syntax is the "picture layer". 

The Start Code Detector of the Spatial Decoder in 
accordance with the invention, allows SEQUENCE_START and 
CODING_STANDARD Tokens to be inserted automatically before 
the first PICTURE_START. See sections A. 11. 7. 3 and 
A . 11.7.4. 

At the end of an H.261 session (e.g., when the line is 
dropped) the user should insert a FLUSH Token after the end 
of the coded data. This has a number of effects (see 
Appendix A. 31 . l : 

• It ensures that PICTURE, END is generated to 
signal the end of the last picture. 

• It ensures that the end of the coded data is pushed 
through the decoder. 

A. 19.2.2 Acquiring pictures 

Each picture is composed of a hierarchy of elements 
referred to as layers in the syntax. The sequence of 
Tokens at the output of the Temporal Decoder when decoding 
H.261 reflects this structure. 
A. 19. 2. 1 Picture lay*** 

Each picture is preceded by a PI CTURE_START Token and 
each is immediately followed by a PICTURE_END Token. H 261 
doesn't naturally contain a picture end. This Token is 
inserted automatically by the start Code Detector of the 
Spatial Decoder. 

After the PICTURE_START Token, there will be 
TEMPORAL_REFERENCE and PICTURE_TYPE Tokens. The 
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IT T 1 REFERENCE T ° ken «rri..'- 10 bit number (of which 
only the 5 LSBs are used in H. 261) that indicates when the 
Picture should be displayed. This should be studied by any 
display system as H.261 encoders can omit pictures from the 
sequence (to achieve lower data rates) . Omission of 
pictures can be detected by the temporal reference 
incrementing by more than one between successive pictures 
Next, the PICTURE_TYPE Token carries information about ' 
the picture format. A display system may study this 
information to detect if GIF or QCIF pictures are being 
decoded. However, information about the picture format is 
also available by studying registers within the Huffman 
decoder . 

<Xref to Huffman decoder section> 
15 &-19-2.2.2 Group of Blocks t.»y ^ 

Each H.261 picture is composed of a number of "groups of 
blocks". Each of these is preceded by a SLICE_STAKT Token 
(derived from the H.261 group number and group start code) 
This Token carries an 8 bit value that indicates where in 
20 the display the group of blocks should be placed. This 
provides an opportunity for the decoder to resynchronize 
after data errors. Moreover, it provides the encoder with 
a mechanism to skip blocks if there are areas of a picture 
. that do not require additional information in order to 
2= describe them. By the time SLICE_START reaches the output 
of the Temporal Decoder, this information is effectively 
redundant as the Spatial Decoder and Temporal Decoder have 
already used the information to ensure that each picture 
contains the correct number of blocks and that they are in 
30 the correct positions. Hence, it should be possible to 
compute where to position a block of data output by the 
Temporal Decoder just by counting the number of blocks that 
have been output since the start of the picture. 

The number carried by S L I C E_START is one less than the 
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H.261 group of blocks number (see the H.261 standard for 
more information) . Figure 94 shows the positioning of 
H.261 groups of blocks within CIF and QCIF pictures. NOTE: 
in the present invention, the block numbering shown is the 
5 same as that carried by SLICE_START. This is different 
from the H.261 convention for numbering these groups. 
* Between the SLICE_START (which indicates the start of 
each group of blocks) and the first macroblock there may be 
other Tokens. These can be ignored as they are not 
10 required to display the picture data. 
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A. 19. 2. 2. 3 Maeroblock laver 

The sequence of macroblocks within each group of blocks 
is defined by H.261. There is no special Token information 
describing the position of each maeroblock. The user 
should count through the maeroblock sequence to determine 
where to display each piece of information. 

Figure 96 shows the sequence in which macroblocks are 
placed in each group of blocks. 

Each maeroblock contains 6 DATA Tokens. The sequence of 
DATA Tokens in each group of 6 is defined by the H.261 
maeroblock structure. Each DATA Token should contain 
exactly 64 data bytes for an 8x8 area of pixels of a single 
color component. The color component is carried in a 2 bit 
number in the DATA Token (see section A. 3. 5.1). However, 
the sequence of the color components in H.261 is defined. 

Each group of DATA Tokens is preceded by a number of 
Tokens communicating information about motion vectors, 
quantizer scale factors and so forth. These Tokens are not 
required to allow the pictures to be displayed and, thus, 
20 can be ignored. 

Each DATA Token contains 64 data bytes for an 8x8 of a 
single color component. These are in a raster order. 
A. 19.3 MPEG output 

MPEG has more layers in its syntax. These embody 
concepts such as a video sequence and the group of 
pictures . 

A. 19.3.1 MPEG Sequence layer 

A sequence can have multiple entry points (sequence 
starts) but should have only a single exit point (sequence 
30 end) . When an MPEG sequence header code is decoded, the 

Spatial Decoder generates a CODING_STANDARD Token followed 
by a SEQUENCE_START Token. 

After the SEQUENCE_START, there will be a number of 



25 



364 



Tokens-ofc sequence header inf ornation that describe the 
video format and the like. See the draft MPEG standard for 
the information that is signalled in the sequence header 
and Table A. 3. 2 for information about how this data is 
5 converted into Tokens. This information describing the 

video format is also available in registers in the Huffman 
decoder. 

This sequence header information may occur several times 
within an MPEG sequence, if that sequence has several entry 
10 points. 

A. 19.3.2 Group of pictures layer 

An MPEG group of pictures provides a different type of 
"entry" point to that provided at a sequence start. The 
sequence header provides information about the 
15 picture/video format. Accordingly, if the decoder has no 
knowledge of the video format used in a sequence, it must 
start at a sequence start. However, once the video format 
is configured into the decoder, it should be possible to 
start decoding at any group of pictures. 

MPEG doesn't limit the number of pictures in a group. 
However, in many applications a group will correspond to 
about 0.5 seconds, as this provides a reasonable 
granularity of random access. 

The start of a group of pictures is indicated by a 

2 5 GROUP_START Token. The header information provided after 

GROUP_START includes two useful Tokens: TIME_GODE and 
BROKEN_CLOSED. 

TIME_C0DE carries a subset of the SMPTE time code 
information. This may be useful in synchronizing the video 

3 0 decoder to other signals. BROKEN_CLOSED carries the MPEG 

closed_gap and broken_link bits. See Section A. 19. 3. 8 for 
more on the implications of random access and decoding 
edited video sequences. 
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A. 19.^6, Block layer 

Each macroblock contains 6 DATA Tokens. The sequence of 
DATA Tokens in each group of 6 is defined by the draft MPEG 
specification (this is the same as the H.261 macroblock 
structure) . Each DATA token should contain exactly 64 data 
bytes for an 8 x 8 area of pixels of a single color 
component. The color component is carried in a 2 bit 
number in the DATA Token (see A. 3. 5.1). However, the 
sequence of the color components in MPEG is defined. 

Each group of DATA Tokens is preceded by a number of 
Tokens communicating information about motion vectors, 
quantizer scale factors, and so forth. These Tokens are 
not required to allow the pictures to be displayed and, 
therefore, they can be ignored. 
A. 19. 3. 7 Effect of MPEG picture re-ordering 

As described in A. 18. 3. 5, the Temporal Decoder can be 
configured to provide MPEG picture re-ordering 
(MPEG_reordering=l) . The output of P and I pictures is 
delayed until the next P/i picture in the data stream 
starts to be decoded by the Temporal Decoder. At the 
output of the Temporal Decoder the DATA Tokens of the newly 
decoded P/i picture are replaced with DATA Tokens from the 
older P/I picture. 

When reordering P/I pictures, the PICTURE_START, 
TEMPORAL_REFERENCE and PICTURE_TYPE Tokens of the picture 
are stored temporarily on-chip as the picture is written 
into the off-chip picture buffers. When the picture is 
read out for display, these stored Tokens are retrieved. 
Accordingly, re-ordered P/I pictures have the correct 
30 values for PICTURE_START , TEMPORAL_REFERENCE and 
PICTURE_TYPE. 

All other tokens below the picture layer are not re- 
ordered. As the re-ordered P/I picture is read-out for 
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display it picks up the lower level non-DATA tokens of the 
picture that has just been decoded. Hence, these sub- 
picture layer Tokens should be ignored. 
A. 19. 3. 8 Random access and edited sequences 

The Spatial Decoder provides facilities to help correct 
video decoding of edited MPEG video data and after a random 
access into MPEG video data. 
A. 19 .3.8.1, Qp«n GOPa 

A group of pictures (GOP) can start with B pictures that 
are predicted from a P picture in a previous GOP. This is 
called an "open GOP". Figure 107 illustrates this. 
Pictures 17 and 18 are B pictures at the start of the 
second GOP. if the GOP is "open", then the encoder may 
have encoded these two pictures using predictions from the 
P picture 16 and also the I picture 19. Alternatively, the 
encoder could have restricted itself to using predictions 
from only the I picture 19. m this case, the second GOP 
is a "closed GOP". 

If a decoder starts decoding the video at the first GOP, 
it will have no problems when it encounters the second GOP 
even if that GOP is open since it will have already decoded 
the P picture 16. However, if the decoder makes a random 
access and starts decoding at the second GOP it cannot 
decode B17 and B18 if they depend on P16 (i.e., if the GOP 
is open) . 

If the Spatial Decoder of the present invention 
encounters an open GOP as the first GOP following a reset 
or it receives a FLUSH Token, it will assume that a random 
access to an open GOP has occurred. In this case, the 
Huffman decoder will consume the data for the B pictures in 
the normal way. However, it will output B pictures 
predicted with (0,0) motion vectors off the I picture. The 
result will be that pictures B17 and B18 (in the example 
above) will be identical to 119. 
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Thifr behavior ensures correct maintenance of the MPEG 
VBV rules. Also, it ensures that B pictures exist in the 
output at positions within the output stream expected by 
the other data channels. For example, the MPEG system 
layer provides presentation time information relating audio 
data to video data. The video presentation time stamps 
refer to the first displayed picture in a GOP, i.e., the 
picture with temporal reference 0. In the example above, 
the first displayed picture after a random access to the 
second GOP is B17. 

The BROKEN_CLOSED Token carries the MPEG closed_gop bit. 
Hence, at the output of the Temporal Decoder it is possible 
to determine if the B pictures output are genuine or 
"substitutes" have been introduced by the Spatial Decoder. 
Some applications may wish to take special measures when 
these "substitute" pictures ar,e present. 
A. 19.3. 8.2 Edited vidaa 

If an application edits an MPEG video sequence, it may 
break the relationship between two GOPs . if the GOP after 
the edit is an open GOP it will no longer be possible to 
correctly decode the B pictures at the beginning of the 
GOP. The application editing the MPEG data can set the 
broken_link bit in the GOP after the edit to indicate to 
the decoder that it will not be able to decode these B 
pictures. 

If the Spatial Decoder encounters a GOP with a broken 
link, the Huffman decoder will decode the data for the B 
pictures in the normal way. However, it will output B 
pictures predicted with (0,0) motion vectors off the I 
picture. The result will be that pictures B17 and B18 (in 
the example above) will be identical to 119. 

The BROKEN_CLOSED Token carries the MPEG broken_link 
bit. Hence, at the output of the Temporal Decoder it is 
possible to determine if the B pictures output are genuine 
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or "substitutes" that have been introduced by the Spatia 
Decoder. some applications may wish to take special 
measures when these "substitute" pictures are present 
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SECTION A.20 Late Write DRAM Interface 

The interface is configurable in two ways: 
The detail timing of the interface can be configured 

to accommodate a variety of different DRAM types 
The "width" of the DRAM interface can be configured 

to provide a cost/performance trade-off 



| Signal Name 


input/ 
Output 


Description 


DRAM_oata(31:0] 


I/O 


The 32 bit wide ORAM data bus. Optionally mis Ous can be csnfigurec 
be 1 6 or 8 bits wide. 


DRAM_aodr[10:0] 


O 


The 22 bit wide DRAM interface address is ome multiplexed over :n:s * * 
bit wide bus. 


Aa£ 


o 


The ORAM Row Address Strobe signal 


4ASi'3:0] 
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The ORAM Column Address Strobe signal. One signal is provicec per j 
byte of the interface s data bus. All the Ca5 signais are drrven | 
simultaneously. ( 


WE 


° I 


The ORAM Write Enable signal j 




o 


The ORAM Output Enable signal 


ORAM.enable 


I 


This input signal, when low. maXes ail the output signals cr. we terrace 
go high impedance and stops activity on the DRAM interface. 



Table A.20.1 ORAM interface signals 



! Register name 

i 

l ■ 


Size/ 
Dir. 


Reset 
State 


Description 


moCify_DRAM_timing 


1 bit 
rw 


0 


This function enable register allows access to ihe DRAM ir.ienace 
timing configuration registers. The configuration registers srcu c - 
be modified while this register holds the value zero, wmir.g a r-e *c 
mis register requests access to modify the configuration re;s:es 
After a zero has been wnrien to this register the DRAM -.r.-^zzz * •'- 
start to use the new values in the timing configuration :e$-s:e'S 



Table A. 20.2 DRAM Interface configuration registers 
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Register name 


Size/ 
Dir. 


Reset 

State 


j 

Oescnction j 

i 


page. start. length 

• 


5 bit 
rw 


0 


Scecifies the lenatn of the access Stan .n ? ;cks T^a mm , 
that can be used is 4 (meaning 4 ticks;. 0 seiecs :he max-m^m 
length of 32 ticks. 




A Kit 
*» Oil 

rw 


w 


ocecines ine lengin oi me last page • eac cycie in iicks. The 
minimum value that can be used :s 4 {meaning 4 ticks}. 3 selects tre 
maximum length of 16 neks. 


wnte_cycie. length 

■ 


4 bit 
rw 


0 


Specifies the length of the fast page ;a:e write cyc:e :n ::cxs. The 
minimum value that can be used is 4 (meaning 4 ticks). 0 seiecs the 
maximum length of 16 ticks. 


refresh.cyciejength 

: 

! 


4 ait 
rw 


0 


Specifies the length of the refresh cycle m :;c*s. The minimum vaiue \ 
that can be used is 4 (meaning 4 ticks;. C seieccs the maximum, 
length of 16 ticks. 


! RAS.talling 

i 
i 
1 

i 
I 


4 bit 
rw 


0 


Specifies the number of iicks after the start of the access star, that 
RAS fails. The minimum value that can be used is 4 (meaning - 
ticks). 0 selects the maximum length cf r S acks. 


| CAS.falling 

! 


4 bit 
rw 


3 


Specifies the number of iicks after :ne start of a reaa c>c:e. wrrre 
used is 1 (meaning 1 tick). 0 selects the maximum length of 16 :cks. j 


1 DRAM_data_wtdth 

! 


2 bit 
rw 


0 


Specifies the number of bits used on the ORAM interface cata sus j 
DRAM.d«U[3l:0]. See A.20.4 : 


row.address.bits 


2 bit 
rw 


0 


Specifies the number of bits usee for the row acaress scnon z' :r.e 
ORAM interface address bus. See A. 20. 5 


; DRAM.enaoie 

i 
t 

j 
i 

! 


1 bit 
rw 


1 


Writing the value 0 in to this register forces the ORAM ;r.:erface r.:z 
a high impedance state. 

0 will be read from this register if either the ORAM.enabie sigr.a; ■$ 
tow or 0 has been written to the register. 



Table A.20.2 ORAM Interface configuration registers (contd) 
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Register name 



refresh.interva/ 



| CA $_strengtn 
[ RAS_strengtn 



addr.strength 



P«AM,oate, strengtfi 
OEWE.strengm 




Oescnption 

16 «.co<,.,_ c , ock cyc(es . Va(uM m me fange t ^ ^ 
=onr, gufM . The va, ue 0 is auromaUca,* ,oa= M a*e, .se- 
<"«« „. ORAM m.e.ace ,o congous,, e,ec Jt e ,e„e s „ ^ 
-n-.v**^ ■ con^. i, ^ e ^ M ^ 

cycles. 



ORAM interface signais. 

™- -o- - interface » * con^eo .«=, vanous cifleren( !cacs ! 
See A.20.8 



Table A. 20. 2 ORAM Interfa 



regxaters (contd) 



ce configuration 
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10 



15 



20 



25 



30 



A.20.f- interface timing (ticks) 

in the present invention, the DRAM interface timing is 
derived from a clock which is running at four times the 
input clock rate of the device (decoder_clock) . This clock 
is generated by an on-chip PLL. 

For brevity, periods of this high speed clock are 
referred to as ticks. 
A. 20. 2 Interface operation 

The interface uses of the DRAM fast page mode. Three 
different types of access are supported: 

• Read 

• Write 

• Refresh 

Each read or write access transfers a burst of between 1 
and 64 bytes at a single DRAM page address. Read and write 
transfers are not mixed within a single access. Each 
successive access is treated as a random access to a new 
DRAM page. 

A. 2 0. 3 Access structure 

Each access is composed of two parts: 

■ Access start 

■ Data transfer 

Each access starts with an access start and is followed 
by one or more data transfer cycles. There is a read, 
write and refresh variant of both the access start and the 
data transfer cycle. 

At the end of the last data transfer in an access the 
interface enters it's default state and remains in this 
state until a new access is ready to start. If a new 
access is ready to start when the last access finishes, 
then the new access will start immediately. 
A. 2 0.3.1 Access start 

The access start provides the page address for the read 
or write transfers and establishes some initial signal 
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conditions. There are three different access starts: 

• Start of read 

• Start of write 

• Start of refresh 

In each case the timing of RAS and the row address is 
controlled by the registers RAS_f ailing and 
page_start_length . The state of OE and DRAM_data [ 3 1 : 0 ] is 
held from the end of the previous data transfer until RAS 
falls. The three different access start types are only 
different in how they drive OE and DRAM_data [ 3 1 : 0 ] when RAS 
falls. See Figure 109. 



Num. 


Characteristic 


Min. 


Max. 


Unit 


Notes 


33 


RAS precharge period set by register RAS_falling 


4 


16 


tick 




39 


Access start duration set by register page.start Jength 


4 


32 






40 


CAS precharge length set by register CASJaMng. 


1 


16 




a 


41 


Fast page read cycle length set by the register 
read_cycle_length. 


4 


16 






42 


Fast page write cycie length set by the register 
write.cyclejength. 


4 


16 






43 


Wl fails one tick after CAS. 










44 


Refresh cycle length set by the register refresh.cycle. 


4 


16 







Table A. 20 .3 Access start parameters 

a. This value must be less than RAS_f ailing to ensure 
CAS before RAS refresh occurs. 
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10 



15 



20 



A# 20 Data transfer 

There are three different types of data transfer cycle- 

Fast page read cycle 
• Fast page late write cycle 
•Refresh cycle 

A start of refresh is only followed by a single refresh 
cycle. A start of read (or write) can be followed by one 
or more fast page read (or write) cycles. 

At the start of the read cycle CIS" is driven high and 
the new column address is driven. 

A late write cycle is used. WE is driven low one tick 
after The output data is driven one tick after the 

address . 

As a TO before ESS" refresh cycle is initiated by the 
start of refresh cycle, there is no interface signal 
activity during a refresh cycle. The purpose of the 
refresh cycle is to meet the minimum TOW low period 
required by the DRAM. 
A. 20. 3. 3 Interface default state 

The interface signals enter a default state at the end 
of an access: 



RAS / CKS ana TfE high 

data and OE remain in their previous state 
• addr remains stable 
2 5 A. 2 0.4 Data bus width 

The two bit register DRAM_data_width allows the width 
the DRAM interfaces data path to be configured. This 
allows the DRAM cost to be minimized when working with 
small picture formats. 



of 
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ORAM_aata_width 




8 bit wiae cata ous on DBAM_data(3i :24)°. 



i6 6ii wipe data bus on DRAM.daapiMe]!*'. 



32 an woe data bus on ORAM_data(3l:0J. 



10 



15 



Table A. 2 0. 4 Configuring DRAM_data_width 

a. Default after reset. 

b. Unused signals are held high impedance. 
A. 20. s Address bits 

On-chip, a 24 bit address is generated. How this 
address is used to form the row and column addresses 
depends on the width of the data bus and the number of bits' 
selected for the row address. Some configurations do not 
permit all the internal address bits to be used (and) 
therefore, produce "hidden bits). 

The row address is extracted from the middle portion of 
the address. This maximizes the rate at which the DRAM is 
naturally refreshed. 

A. 20. 5.1 Low order column address bits 

The least significant 4 to 6 bits of the column address 
are used to provide addresses for fast page mode transfers 
of up to 64 bytes. The number of address bits required to 
control these transfers will depend on the width of the 
data bus (see A. 20. 4). 
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A.20.9?2« Row address bits 

The number of bits taken from the middle section of the 
24 bit internal address to provide the row address is 
configured by the register row_address bits. 



! ° 


I 

{ 9 bits 


vviam of row ascress 


! 1 j 10 bits 


! 2 


1 1 ens 



Table A. 2 0. 5 Configuring row address bits 



10 



The width of row address used will depend on the type of 
DRAM used and whether the MSBs of the row address are 
decoded off-chip to access multiple banks of DRAM . 

NOTE : The row address is extracted from the middle of 
the internal address. If some bits of the row address are 
decoded to select banks of DRAM, then all possible values 
of these "bank select bits- must select a bank of DRAM . 
Otherwise, holes will be left in the address space. 
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10 




Table A. 20 . 6 selecting a value for row _ address _ bits 



A- 20. 6 ORAM Interface enable 

There are two ways to make an i-h« 
DRAM interface fa.™ k ° UtpUt si 9n*ls °n the 

rfaCe b econ,e high impedance. The DRAM enable 
register and the DRAM enable signal Both ^-^^ 
the signal must be at', loci. 7 register and 

ODerate j - ° l0giC 1 for the DRAM interf ace to 

operate. if eitner is loWf ^ ^ 

^^pedance and data transfers through the interface are 

xs prov 1^ 7 t0 d take ^ DRAM intSrfaCe t0 high *»P-<— 

use « n! t0 all ° W ° ther dSViCes to test or to 

use the DRAM controlled by the Soati*! n 
Tomr^ . r ne s P a tial Decoder (or the 

Temporal Decoder) when the Spatial d«™h 

p " lal Decoder (or the Temporal 
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15 



20 



25 



Decode. is not in use . Jt is not , ntended 

T7o7 r/^" " em0ry dUrin9 oP-ation 
a • z o • 7 Refresh 

Unless disabled by writing to the register, no refresh 
the DRAM interface win autcnatically refresh the~ DRAM 
using a cKT before W refresh cycle at an interval 
determined by the register ref resh_interval 

The value in ref resh_interval specifies the interval 
between refresh cycles in periods of 16 decoder clock 
cycles values in the range 1 to 255 can be configured. 
The value o is auto.atically loaded after reset and forces 
the DRAM interface to continuously execute refresh cycles 
(once enabled) until a valid refresh interval is 
config ured . It is recommended that refresh 

be configured only once after each reset. 
A. 2 0. a Signal strengths 

The drive strengtn of the outputs of interface 
can be configured by the user using 3 
CAS_strength, RAS_strength . addr_strength 

DRA«_data_strength. OEW E _ s trength . The MSB of this 2 bit 
value M1 elther . fast ^ siou ^ bxt 

c 9 " C ° nfi ' ure th « o»«Put for different 

load capacitances. 

The default strength after reset i <= * 

^ reset is 6, configurina the 

ZZl T T, *»*°*^y » ns to drive si'gnai U^een 
and v dd if loaded with 12 F. 





Table A. 2 0. 7 Output strength configurations 

Default after reset 



10 



15 



20 



When an output is configured approximately for the load 
it is driving, it will meet the AC electrical 
characteristics specified in Tables A. 20. 11 to Table 
A. 20. 12. When appropriately configured each output is 
approximately matched to it's load and, therefore, minimal 
overshoot will occur after a signal transition. 
A. 2 0. 9 After reset 

After reset, the DRAM interface configuration registers 
are all reset to their default values. Most significant of 
these default configurations are: 

•The DRAM interface is disabled and allowed to go high 

impedance. 

The refresh interval is configured to the special 
value 0 which means execute refresh cycle continuously 
after the interface is re-enabled. 

The DRAM interface is set to it's slowest 
configuration. 

Most DRAMS require a "pause" of between l00 M s and 500^s 
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after power is first applied, followed by a number of 
refresh cycles before normal operation is possible. 

Immediately after reset, the DRAM interface is inactive 
until both the DRAM_enable signal and the DRAM_enable 
5 register are set. when these have been set, the DRAM 

interface will execute refresh cycles (approximately every 
400 ns, depending upon the clock frequency used) until the 
DRAM interface is configured. 

The user is responsible for ensuring that the DRAM's 
10 "pause" after power_up and for allowing sufficient time 
after enabling the DRAM interface to ensure that the 
required number of refresh cycles have occurred before data 
transfers are attempted. 

While reset is asserted, the DRAM interface is unable to 
15 refresh the DRAM. However, the reset time required by the 
decoder chips is sufficiently short so that is should be 
possible to reset them and to then re-enable the DRAM 
interface before the DRAM contents decay. This may be 
required during debugging. 



Symbol J Parameter 


Min. 


Max. 


Units 




Supply voltage reiatrve to GNO 


•0.5 


6.5 | V , 




input voltage on any pin 


GNO * 0.5 


Vqo'0.5 j V j 


T A 


Operating temperature 


-40 


-as | »c | 


T S 


Storage temperature 


•55 j <.1S0 | *C 



Table A. 2 0. 8 Maximum Ratings" 
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Symbol 


Parameter 


Min. 


Max. 


Units 


v 30 


Supply voltage relative to GND 


4.75 


5.25 


i v 


GND 


Ground 


0 


0 


1 v 


Vim 


input logic 'V voltage 


2.0 


Vqo^O.S 


i 




input logic '0' voltage 


GND - 0.5 


0.8 


! 


T* 


Operating temperature 


0 


70 


•c* 1 


Table A. 20. 9 DC Operating conditions 

• With TBA linear ft/min transverse airflow 


Symbol 


j Parameter 


[ Min. 


j Max. 


j Units 


! V CX 


Output logic '0' voltage 


i 


| 0.4 






| Output logic *r voltage 


2.8 


i v i 


I'o 

i , 


| Output current 


* 100 


j ua s : 


1 'OZ 


| Outout off state leakage current 


1 20 


t 

1 


1 UA 




| <nput leakage current 


r 10 


1 


UA j 




KMS power supply current 


r 


500 


mA ; 




input capacitance 


5 


PF 


Symool | 


Parameter 


Min. 


Max. 


Units j 


Cour | 


Output / IO capacitance 


1 


5 


PF j 



Table A.20.10 DC Electrical characteristics (contd) 



Table A.20.10 DC Electrical characteristics 

AC parameters are specified using V OLmij =o . 8V as 
the measurement level. 

This is the steady state drive capability of the 
interface. Transient currents may be much 
greater . 
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A. 20. ID. 1 AC characteristics 



46 


j Cycle time e.g. tflC 


•2 


! -* 


i 

1 ns 


! j 


47 


High pulse e.g. tflP, tCP, tCPN 


•5 




! ns 


i i 


48 


Low putse e.g. tRAS, tCAS. tCAC. tWP, 
tRASP, IRASC 


-11 


-2 


ns 


i 


49 | 


Cycle ome e.g. tACP/tCPA. 


-8 


* 2 1 


ns 





Table A.20.11 Differences from nominal values for a strobe 



Table A.20.11 Differences from nominal values for a strobe 

a. The driver strength of the signal must be 
configured appropriately for its load 



Num. 


Parameter 


Min. i Max. j Unit j Note a 


50 


Strobe to strode delay e.g. tRCD, tCSR 


•3 


+3 ; ns 




51 


Low hold time e.g. tflSH, tCSH, tRWL, 
tCWU tRAC. tOAC/OE. tCHR 


•13 


♦3 | ns 

1 

i 




52 


Strode to strobe precnarge e.g. tCRP, 
tRCS, tRCH, tRRH, tRPC 


•9 


*3 ns | 

1 


CAS precnarge pulse between any two 
CAS signals on wide ORAMs e.g. tCP, or 
between RAS rising and Ca5 failing e.g. 
tRPC 


■5 


-2 j ns ! 

1 i 

i ; 

! i 

i i 

! ! 



Table A.20.12 Differences from nominal values between two strobes 

Table A.20.12 Differences from nominal 
values between two strobes 
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Table A. 20. 12 Differences from nominal 
values between two strobes (contd) 

The driver strength of the two signals must be 
configured appropriately for their loads 
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SECTION B.l Start Code Detector 
B . l . l Overview 

As previously shown in Figure 11, the Start Code Detector 
(SCD) is the first block on the Spatial Decoder. Its 
primary purpose is to detect MPEG, JPEG and H.261 start 
codes in the input data stream and to replace them with 
relevant Tokens. it also allows user access to the input 
data stream via the microprocessor interface, and performs 
preliminary formatting and "tidying up" of the token data 
stream. Recall, the SCD can receive either raw byte data 
or data already assembled in Token format. 

Typically, start codes are 24, 16 and 8 bits wide for 
MPEG, H.261, and JPEG, respectively. The Start Code 
Detector takes the incoming data in bytes, either from the 
Microprocessor Interface (upi) or a token/ byte port and 
shifts it through three shift registers. The first 
register is an 8 bit parallel in serial out, the second 
register is of programmable length (16 or 24 bits) and is 
where the start codes are detected, and the third register 
is 15 bits wide and is used to reformat the data into 15 
bit tokens. There are also two "tag" Shift Registers (SR) 
running parallel with the second and third SRs. These 
contain tags to indicate whether or not the associated bit 
in the data SR is good. Incoming bytes that are not part 
of a DATA Token and are unrecognized by the SCD, are 
allowed to bypass the shift registers and are output when 
all three shift registers are flushed (empty) and the 
contents output successfully. Recognized non-data tokens 
are" used to configure the SCD, spring traps, or set flags. 
They also bypass the shift registers and are output 
unchanged . 
B.1.2 Major Blocks 

The hardware for the Start Code Detector consists of 10 
state machines. 

B.l. 2.1 input Circuit (scdipc. sch. iplm.M) 

The input circuit has three modes of operation: token, 
byte and microprocessor interface. These modes allow data 
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to bejnput either as a raw byte. stream (but still using 
the two-tfire interface) , as a token stream, or by the user 
via the upi. m all cases, the input circuit will always 
output the correct DATA Tokens by generating DATA Token 
headers where appropriate. Transitions to and from upi 
mode are synchronized to the system clocks and the upi may 
be forced to wait until a safe point in the data stream 
before gaining access. The Byte mode pin determines 
whether the input circuit is in token or byte mode. 
Furthermore, initially informing the system as to which 
standard is being decoded- (so a COD I NG_STANDARD Token can 
be generated) can be done in any of the three modes. 
B.i.2.2 Token decoder (scdipnew. sen, scdipnem.M) 

This block decodes the incoming tokens and issues 
commands to the other blocks. 
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Table B.i.i. Recognized input tokens 



Input Token 


Command 
issued 


Comments 


NULL 


WAIT 


NULLs are removed 


DATA 


NORMAL 


Load next byte into first SR 


CODING.STD 


BYPASS 


Flusn snirt registers, perform eaccnc,. susut 
and switch to bypass mode.Lcaa 
CODING .STANDARD register. 


FLUSH 


BYPASS 


Flush SRs with padding, output and swucn :o 
bypass mode. 


ELSE 

(unrecognised token) 


BYPASS 


Rush SRs with padding, output and switcr. :d 
bypass mode. 



Note: A change in coding standard is passed to all 
blocks via the two-wire interface after the SRs are 
flushed. This ensures that the change from one data stream 
to another happens at the correct point throughout the SCD. 
This principle is applied throughout the presentation so 
that a change in the coding standard can flow through the 
whole chip prior to the new stream. 
B.i.2.3 JPEG (scdjpeg.sch scdjpegm.M) 

Start codes (Markers) in JPEG are sufficiently different 
that JPEG has a state machine all to itself. m the 
present invention, this block handles all the JPEG marker 
detection, length counting/checking, and removal of data. 
Detected JPEG markers are flagged as start codes (with 
v_not_t - see later text) and the command from scdipnew is 
overridden and forced to bypass. The operation is best 
described in code. 

switch (state) 



( 



case (LOOKING): 
if (input = OxfT) 
{ 

state = GETVALUE; /"Found a marker"/ 
remove; /•Marker gets removed"/ 

} 

else 



state = LOOKING; 
break; _ ^ 

case (CET VALUE); 
'f(input =b Oxfl) 
{ 

state = GETVALUE- /•n W ri« • 

' Overlapping markers"/ 

remove; 

} 

else if (input = 0x00) 
{ 

state = LOOKING;/- Wasn't a marker-/ 
insert(Oxff); /-Put the OxfTback-/ 

} 

else 

{ 

command = BYPASS; /-override command-/ 
"00 /- Does the marker have a length count-/ 

state = GETLCO; 
else 

state = LOOKING; 

break; 

case (GETLCO): 

loadlcO; /-Load the top length count byte-/ 
state = GETLCl; 
remove; 
break; 

case (GETLCl) 
loadlcl; 
remove; 

state = DECLC; 
break; 

case (DECLC): ' ' 

lent = lent -2 



- --stat* s CHECKLC; 
break; 

case (CHECKLC): 
if (lent = 0) 

state = LOOKING ;/*No more to do-/ 
else if (lent <0) 

state = LOOKING ^generate IllegaLLength.Error 

else 

state = COUNT; 
break; 

case (COUNT): 

decrement length count until 1 
if 0c <= i) 

state = LOOKING; 
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B. 1.2.4 input Shifter (scinshf t . sen, scinshm.M) 

The-Ba^ic operation of this block is quite simple. This 
block takes a byte of data from the input circuit, loads 
the shift register and shifts it put. However, it also 
obeys the commands from the input decoder and handles the 
transitions to and from bypass mode (flushing the other 
SRs): on receiving a BYPASS command, the associated byte 
is not loaded into the shift register. Instead "rubbish" 
(tag - i) is shifted out to force any data held in the 
other shift registers to the output. The block then waits 
for a "flushed" signal indicating that this "rubbish" has 
appeared at the token reconstructor . The input byte is 
then passed directly to the token reconstructor. 
B.i.2.5 start code Detector (scdetect.sch, scdetm.M) 

This block includes two shift registers which are 
programmable to 16 or 24 bits, start code detection logic 
and "valid contents" detection logic. MPEG start codes 
require the full 24 bits, whereas H.261 requires only 16. 

in the present invention, the first SR is for data and 
the second carries tags which indicate whether the bits in 
the data SR are valid - there are no gaps or stalls (in the 
two-wire interface sense) in the SRs , but the bits they 
contain can be invalid (rubbish) whilst they are being 
flushed. on detection of a start code, the tag shift 
register bits are set in order to invalidate the contents 
of the detector SR. 

A start code cannot be detected unless the SR contents 
are all valid. Non byte-aligned start codes are detected 
and may be flagged. Moreover, when a start code is 
detected, it cannot be definitely flagged until an 
overlapping start code has been checked for. To accomplish 
this function, the "value" of the detected start code (the 
byte following it) is shifted right through scinshift, 
scdetect and into scoshift. Having arrived at scoshift 
without the detection of another start code, it 
overlapping start codes have been eliminated and 
flagged as a valid start code. 



is 
it is 



10 
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B.i.2.6^ output Shifter (scoshift.sch, scoshm.M) 

The basic operation of the output shifter is to take 
serial data (and tags) from scdetect, pack it into 15 bit 
words and output them. other functions are: 
B. 1. 2 . 6 . 1 Data purtH-i^ 

The output consists of 15 bit words, but the input may 
consist of an arbitrary number of bits. In order to flush 
therefore, we need to add bits to make the last word up to 
15 bits. These extra bits are called padding and must be 
recognized and removed by the Huffman block. Padding is 
defined to be: 

After the last data bit, a "zero" is inserted followed by 
sufficient "ones" to make up a 15 bit word. 

The data word containing the padding is output with a low 
extension bit to indicate that it is the end of a data 

token . 

B . 1 . 2 . 6 . 2 Genera tion of "flushed" 

In accordance with the present invention, the generation 
of "flushed" operation involves detecting when all SRs are 
flushed and signalling this to the input shifter. When the 
"rubbish" inserted by the input shifter reaches the end of 
the output shifter, and the output shifter has completed 
its padding, a "flushed" signal is generated. This 
"flushed" signal must pass through the token reconstructor 
2 = before it is safe for the input shifter to enter bypass 
mode . 

B. 1.2. 6.3 Flaggin g valid start eod»« 

If scdetect indicates that it has found a start code, 
padding is performed and the current data is output. The 
start code value (the next byte) is shifted through the 
detector to eliminate overlapping start codes. If the 
"value" arrives at the output shifter without another start 
code being detected, it was not overlapped and the value is 
passed out with a flag v_not_t ( ValueNotToken) to indicate 
3= that it is a start code value. if, however, another start 
code is detected (by scdetect) whilst the output shifter is 
waiting for the value, an overlappi n g_ star t_error is 
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generated. m this case, the first value is discarded and 
the system then waits for the second value. This value can 
also be overlapped, thus causing the same procedure to be 
repeated until a non-overlapped start code is found. 

B - 1 ' 2 - 6 - 4 Tidviner ll p aftflr M 9tart eoda 

Having detected and output a good start code, a new DATA 
header is generated when data- (not rubbish) starts 
arriving . 

B.i.2.7 Data stream reconstructor (sctokree.seh, 
sctokrem.M) 

The Data Stream reconstructor has two-wire interface 
inputs: one from scinshift for bypassed tokens, and one 
from scoshift for packed data and start codes. Switching 
between the two sources is only allowed when the current 
token (from either source) has been completed (low 
extension bit arrived) . 

B. 1.2.8 start value to start number conversion 
(scdromhw. sen, schrom.M) 

The process of converting start values into tokens is 
done in two stages. This block deals mainly with coding 
standard dependent issues reducing the 520 odd potential 
codes down to 16 coding standard independent indices. 

As mentioned earlier, start values (including JPEG ones) 
are distinguished from all other data by a flag 
(value_not.token) . If v_not_t is high, this block converts 
the 4 or 8 bit value, depending on the CODING_STANDARD , 
into a 4 bit start_number which is independent of the 
standard, and flags any unrecognized start codes. 

The start numbers are as follows: 
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J able B.x.2 start code numbers (indices) 




sequence_start_code 


1 | SEGUENC5_STA" 


group_start_code 


2 | GRCUP.STAP.T 


picture_start_code 


3 | PICTURE. 3TA = - 


slice_start_code 


4 | SUCc.START 


user_data_start_code 


5 


USER.DATA 


extension_start_code 


6 


EXTENS.'CN.DATA 


sequence_end_code 


7 SSOUENCE.ENO 


-PEG Marxers 


DHT 


8 DHT 


DQT 


9 | OCT 


DNL 


1 ° DNL 


1" OP, 1 


jPEG markers trial can be maooed onio tokens for MPEG/H.2S1 j 


SOS 


picture_start_code picture.sta— | 


SOI 


sequence_start_code s£qu£ncz_$-±=- j 


Table B.1.2 


Start Code numbers (indices) 


Stan/Marker Code 


Index <start_numoer) 


Resulting Token 


EOI 


sequence_end_code 


SEGUENCE.END 


SOFO 


group_start_code 


GROUP.START 


JPEG marxers that generate extn or user data 


: JPG 


extension_start_code 


EXTENSION.DATA 


JPGn 


extension_start_code 


EXTENSION.OATA 


APPn 


user_data.start.code 


USER.DATA 


COM 


user_data_start_code 


USSR.DATA 


NOTE: Ail unrecognised JPEG ma/kers generate an extn_stan_code index 





B. 1.2.9 start number to token conversion (sconvert . sen, 
sconverm.M) 

The second stage of the conversion is where the above 
start numbers (or indices) are converted into tokens. This 
block also handles token extensions where appropriate, 
discarding of extension and user data, and search modes. 



Search modes are a means of entering a data stream at a 
random point. The search mode can be set to one of eight 
values: 



0: 



Normal Operation - find next start code. 



1/2: System level searches not implemented on Spatial Decoder 
3: Search for Sequence or higher 



Search for group or higher 
Search for picture or higher 
Search for slice or higher 
Search for next start code 



Any non-zero search mode causes data to be discarded 
until the desired start code (or higher in the syntax) is 
detected. 

This block also adds the token extensions to PICTURE 
and SLICE start tokens: 

• P I CTURE_START is extended with PICTURE_NUMBER, a four 

bit count of pictures. 
SLICE_START is extended with svp (slice vertical 

position) . This is the "value" of the start code 

minus one (MPEG, H.261), and minus 0XD0 (JPEG). 
B. 1.2. io Data stream Formatting (scinsort . sen, scinserx.M) 

In the present invention, Data Stream Formatting relates 
to conditional insertion of PI CTURE_END , FLUSH 
CODING_STANDARD, SEQUENCE_START tokens, and generation of 
the STOP_AFTER_PICTURE event. its function is best 
simplified and described in software: 
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switch (input.data) 
«$e (FLUSH) 
1- it (in .picture) 

output = PICTUR£_END 

2. output = FLUSH 

3. if (in picture & stop.after_picture) 
sap.error = HIGH 

in .picture = FALSE; 

4. in picture = FALSE; 
break 

case (SEQUENCE.START) 
1- if (in_picture) 

output = PICTURE.END 

2. if (injicture 8c stop_after_picture) 
2a. output = FLUSH 

2b. sap.error = HIGH 
in_picture = FALSE 

3. output = CODING.STANDARD 

4. output = standard 

5. output = SEQUENCE.START 

6. in picture = FALSE; 
break 

case (SEQUENCE.END) case (GROUP.START): 

1. if (in .picture) 

output = PICTURE.END 

2. if (in .picture & stop.after_picture) 
2a. output = FLUSH 

2b. sap.error = HIGH 
in picture = FALSE 

3. output = SEQUENCE.END or GROUP.START 

4. in.picture = FALSE; 
break 

case (PICTURE. END) 



1. output^ WCTUR£_END 
2if(stop..ft erj>ictUre) 
2a. output = FLUSH 
2b. sap.error = HIGH 
3. in_picture = FALSE 
break 

case (PICTUR£_START) 
1. if (in_picture) 

output = PICTUR£_END 
2- if (injicture & stop_after_piccure) 
2a. output = FLUSH 
2b. sap.error = HIGH 
3. if (insert_s«<juence_$tart) 

3a. output = CODING.STANDARD 
3b. output = standard 
3c. output = SEQUENCE.START 
•nsert_sequence_start = FALSE 
4. output = PICTURE_START 
•n_picture = TRUE 
break 

default: Just pass it through 
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SECTION B.2 Huffman Decoder and Parser 

B . 2 . 1 Introduction 

This section describes the Huffman Decoder and Parser 
circuitry in accordance with the present invention. 
5 Figure 118 shows a high level block diagram of the 

Huffman Decoder and Parser* Many signals and buses are 
omitted from this diagram in the interests of clarity, in 
particular, there are several places where data is fed 
backwards (within the large loop that is shown) • 

10 In essence, the Huffman Decoder and Parser of the present 

invention consist of a number of dedicated processing 
blocks (shown along the bottom of the diagram) which are 
controlled by a programmable state machine. 

Data is received from the Coded Data Buffer by the 

15 "Inshift" block. At this point, there are essentially two 
types of information which will be encountered: Coded data 
which is carried by DATA Tokens and start codes which have 
already been replaced by their respective Tokens by the 
Start Code Detector. It is possible that other Tokens will 

2 0 be encountered but all Tokens (other than the DATA Tokens) 
are treated in the same way. Tokens (start codes) are 
treated as a special case as the vast majority of the data 
will still be encoded (in H.261, JPEG or MPEG). 

In the present invention, all data which is carried by 

25 the DATA Tokens is transferred to the Huffman Decoder in a 
serial form (bit-by-bit) . This data, of course, includes 
many fields which are not Huffman coded, but are fixed 
length coded. Nevertheless, this data is still passed to 
the- Huffman Decoder serially. In the case of Huffman 

30 encoded data, the Huffman Decoder only performs the first 
stage of decoding in which the actual Huffman code is 
replaced by an index number. If there are N district 
Huffman codes in the particular code table which is being 
decoded, then this "Huffman Index" lies in the range 0 to 

35 N-l. Furthermore, the Huffman Decoder has a "no op", i.e., 
"no operation" mode, which allows it to pass along data or 
token information to a subsequent stage without any 
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processing by the Huffman Decoder. 

The Index to Data Unit is a relatively simple block of 
circuitry which performs table look-up operations. it 
draws its name from the second stage of the Huffman 
decoding process in which the index number obtained in the 
Huffman Decoder is converted into the actual decoded data 
by a simple table look-up. The Index to Data Unit 
cooperates with the Huffman Decoder to act as a single 
logical unit. 

The ALU is the next block and is provided to implement 
other transformations on the decoded data. While the Index 
to Data Unit is suitable for relatively arbitrary mappings, 
the ALU may be used where arithmetic is more appropriate. 
The ALU includes a register file which it can manipulate to 
implement various parts of the decoding algorithms. In 
particular, the registers which hold vector predictions and 
DC predictions are included in this block. The ALU - is 
based around a simple adder with operand selection logic. 
It also includes dedicated circuitry for sign-extension 
type operations. It is likely that a shift operation will 
be implemented, but this will be performed in a serial 
manner; there will be no barrel shifter. 

The Token Formatter, in accordance with the present 
invention, is the last block in the Video Parser and has 
the task of finally assembling decoded data into Tokens 
which can be passed onto the rest of the decoder. At this 
point, there are as many Tokens as will ever be used by the 
decoder for this particular picture. 

The Parser State Machine, which is 18 bits wide and has 
been adopted for use with a two-wire interface has the task 
of coordinating the operation of the other blocks. In 
essence, it is a very simple state machine and it produces 
a very wide "micro-code" control word which is passed to 
the other blocks. Figure 118 shows that the instruction 
word is passed from block-to-block by the side of the data. 
This is, indeed, the case and it is important to understand 
that transfers between the different blocks are controlled 
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35 
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by two-wire interfaces. 

betl" the " PreS6nt inve ^i°n, there is a two-wire interface 
between each of the blocks in the video Parser 
Furthermore, the Huffman Decoder works with both serial' 
data, the inshifter inputs data one bit at a time, and with 
control tokens. Accordingly, there are two modes of 
operation. If data is coming into the Huffman Decoder via 
a DATA Token, then it passes through the shifter one bit at 
a tin,.. Again, there is a two-wire interface between the 
inshifter and the Huffman Decoder. Other tokens, however 
are not shifted in one bit at a time (serial, but rather in 
the header of the token. if a DATA token is input, then 
the header containing the address information is deleted 
and the data following the address is shifted in one bit at 
a time. if it is not a DATA Token, then the entire token 
header and all, is presented to the Huffman Decoder all at 
once. 

in the present invention, it is important to understand 
2 0 tha ! h the . tW °- wire interface for the Video Parser is unusual 
m that it has two valid lines. One line is valid serially 
and one line is valid tokenly. Furthermore, both lines may 
not be asserted at the same time. One or the other may be 
asserted or if no valid data exists, then neither may be 
asserted although there are two valid lines, it should be 
recognized that there is only a single accept wire in the 
other direction. However, this is not a problem. The 
Huffman Decoder knows whether it wants serial data or token 
information depending on what needs to be done next based 
upon the current syntax. Hence, the valid and accept 
signals are set accordingly and an Accept is sent from the 
Huffman Decoder to the inshifter. if the proper data Qr 
token is there, then the inshifter sends a valid signal. 

For example, a typical instruction might decode a Huffman 
code, transform it in the Index to Data Unit, modify that 
result in the ALU and then this result is formed into a 
Token word. a single microcode instruction word is 
produced which contains all of the information to do this. 
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The command is passed directly to the Huff^n „ . 
requests "data bit e u Huffnan Decoder which 

until it has Lc^ed y ; 0nS ^ ^ ,,InShift " bl ° ck 

input in ;; r e ? a o:;: p : te symbo1 - c °— — - 

x • once this occurs -i-u _ . , , 
5 value is nass^rf „ • occurs, the decoded index 

require several cycles to D e f *" D * COd " " iU 

indeed. t, e ' ^ ° Per " i0n ^ 

cycles is actually determined by the 
data which 1S decoded. The Index to Data Unit will then 

microcode instruction word. This value is again passed 
onto the next bloc*, the ALU, along with the orLin^ 

™ 8 "° rd - «» — completed the appropriate 

operat.on ( the number of cycles may again be data 
dependant, ic passes appropriate aata » 

=on:: 0 r: h e block . aion * with the — 

The >,„ T " " hiCh ^ T ° ken "° rd is ^med. 

The ALU has a number of status wires or "condition codes" 

C d bacK to the Parser Stat. Machine. This 

nstru S ct St " e HaChlne *° """" conditional 

instructions. i n fact a n 

Jump instructions; o ne « ZTTZ?' "™ " nditi ° nal 
selected is hard-wired to te^a - ^e^ 

" 'accorda"' 3 3U " P " in " rU " i0n - - constructed 

rormatterTas tro Cts^a T77 ™«> 
s two inputs. a data field from the ALU and/or 

a constant field coming from the Parser State Machine 'xn 
addition, there is an instruction that tells the Token 
Formatter how many b its to take from one source and then to 

lis :r ith F the remaining bits fr ° m the — 

thJ example, HORIZONTALS I ZE has an 8 bit field 

Hn , 13 an inva ^iant address identifying it as a 
the NT AL_ SIZE Token, m this case, the S >L come from 
the constant field and no data comes from the ALU. if 
jwever, it is a DATA Token, then you would likely have 6 
s from tne constant field and iQwer . nd . cating 

color components from the ALU. Accordingly, the Token 
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bits from J h ^ N ° te th " the "umber of 

w 11 a PUrP ° SeS ° ne ° f ordlB «* sltt " in the art 

v : r ppreciate that ^ »—* - bi « 

The ALU includes a ban* of counters that are used to 

o c r n tL th :r? the stru " ure ° f the pi « u -- *"» 

with t h a " Pr09 ""™ ed i"t» registers associated 

part of th COUn " rS that aPPMr t0 the "^-Progra^er" as 
part of the register ban*. several of the condition codes 

lull T CS h £r ° m = ° Unter tank " hlCh •"«« conditional 

jumps based on "start of picture" * 

and the like. Picture , start of macroblock" 

Note that the Parser State Machine is also referred to as 
the "Demultiplex State Machine" Both r t0 aS 

this document. ' BOth are USed in 

Input shiffo r 

siri." 16 PreSent inVention ' th « input lifter is a very 
simple pxece of circuitry consisting of a two pipeline 
stage datapath ( .. h f idp ., an d controlling Zcells 

At tnis st"" PiPSline S " 9e ' Tok " decodin * ***** PLC 
At this stage, only the DATA token is recognized. Data 

::r= a : L^r e r rr ° ne b - - a «- - : 

Tne s econd pipeline stage is the 
shift register. m the very last word of a DATA token 
special coding taKes place such that it is pos^e t " 

J data lord W1 " 9 *" — *" 
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Tlbl * PO " ibl ' — «. D.*. wo M 

As the data bits are shifted l. rr 
shift register, the bit pattern V fol'l ™ " 
looked for (padding, . Thls " £ollo «° "y all ones" is 
hits in the shift register " r '* "-"-9 

discarded. Note that t-hi. Valid and tn «y are 

last word of a 0AT A Token aCt10 " ^ ^ 

As described previously all 
the Huf fB an Decoder in £ r £ m ?* m L™ Cm «" P «" d *° 
into the second pipeline stage *™ ^ 

Pla«. Not e that the DATA healer is a " Shifti "* «kes 
Passed to the Huffman at all. Two " 
and serial_valid, are provided o„, (out -"« lia 
«ven tine and it indicates L.. I °" S at a 
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B.2.2 Huffman Decoder 

The Huffman Decoder has a number of modes of operation 
The most obvious is that it can decode Huffman Codes' 
turning them into a Huffman Index Number. In addition it 
can decode f lxed length codes of a length (in bits) 
determined by the instruction word. The Huffman Decoder 
can also accept Tokens from the Inshift block. 

The Huffman Decode includes a very small state machine. 
This is used when decoding block-level information. This 
is because it takes too long for the Parser State Machine 
to make decisions (since it must wait for data to flow 
through the Index to Data Unit and the ALU before it can 
make a decision about that data and issue a new command) 
When this state Machine is used, the Huffman Decoder itself 
15 issues commands to the Index to Data Unit and ALU. The 
Huffman Decoder State Machine cannot control all of the 
microcode instruction bits and, therefore, it cannot issue 
the full range of commands to the other blocks. 
B.2.2.1 Theory of Operation 

When decoding Huffman codes, the Huffman Decoder of the 
present invention uses an arithmetic procedure to decode 
the incoming code into a Huffman Index Number. This number 
lies between o and N-l (for a code table that has n 
entries). Bits are accepted one by one from the Input 
25 shifter. 

In order to control the operation of the machine, a 
number of tables are required. These specify for each 
possible number of bits in a code (1 to 16 bits) how many 
codes there are of that length. As expected, this 

30 information is typically not sufficient to specify a 
general Huffman code. However, in MPEG, H.261 and JPEG, 
the Huffman codes are chosen such that this information 
alone can specify the Huffman Code table. There is 
unfortunately just one exception to this; the Coefficient 

35 table from H.261 which is also used in MPEG. This requires 
an additional table that is described elsewhere (the 
exception was de-liberately introduced in H.261 to avoid 
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start code emulation) . 

It Ts-important to realize that the tables • used by this 
Huffman Decoder are precisely the same as those transmitted 
m JPEG. This allows these tables to be used directly 
o while other designs of Huffman decoders would have required 
the generation of internal tables from the transmitted 
ones. This would have required extra storage and extra 
processing to do the conversion. since the tables in MPEG 
and H.261 (with the exception noted above) can be described 
10 in the same way, a multi-standard decoder becomes 
practical. 

The following fragment of "C» illustrates the decoding 

process ; 

:nt total = 0; 

1 5 l.'t S = 0; 

mt bit = 0; 

unsigned long cede = 0 ; 

mt index = 0 ; 



2 0 
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while ( mdex> = totai ) 
if » fc it >=max_bits ) 

faii(-^ uff _ decode: ran off end of huff tableNn<<); 

code = <code<<! ) Inext_bit0; 

index=code-s*tctal ; 
totai-=codes_per_bit (bit ] ; 
s={s*codes - per_bit[bit] 

bit-*-*; 



The process generally, is directly mapped into the 
silicon implementation although advantage is taken of the 
fact that certain intermediate values can be calculated in 
clock phases before they are required. 

From the code fragment we see that; 
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^EQl. total, + 1 = total, + C pb, 
E Q2. *s,^ = 2( , s JI + cpb„) 
EQ 3. code, ^ , = 2 code, + bit 
EQ 4. index, ^ , = 2 code, + bit. + total, - 's, 

Unfonunate.y in the hardware H proved easier ,o use a modified set of equations ,„ 
a vanabie "shifted" is used in place of the variable Y. In this case; 

in the hardware, however, it proved easier to use a 
modified set of equations in which a variable "shifted" is 
used in place of the variable "s". m this case; 

EQ 5. shifted, „ , = 2shmed M + cpb 

It turns out that: 

E Q <5- 1„ = 2shifted 



5 and so substituting this back into Equation 4 we see that: 



EQ 7. index, «, , - 2 (code„ - shifted,) + total, + bit. 

In addition to calculating successive values of "index", 
it is necessary to know when the calculation is completed' 
,rom the "C" code fragment we see that we are done when: 



EQ 8. index,^< total, + 1 



Substituting fro* Equation 7 and Equation i we see that 
we are done when: 



EQ 9. 2 (code,, - shifted,,) + bit,, - cpb„ < 0 



In the hardware implementation of the present invention, 
the common term in Equation 7 and Equation 9, (code n - 
Shiftedj is calculated one phase before the remainder of 
these equations are evaluated to give the final result and 
the information that the calculation is "done". 

One word of warning. in various pieces of »c» code, 
notably the behavioral compiled code Huffman Decoder and 
the sm4code projects, the "C" fragment is used almost 
directly, but the variable "s" is actually called 
"shifted". Thus, there are two different variables called 
"shifted". one in the »c" code and the other in the 
hardware implementation. These two variables differ by a 
factor of two. 

B. 2. 2. 1.1 Inverti ng tha Data p it-a 

There is one other piece of information required to 
correctly decode the Huffman codes. This is the polarity 
of the coded data. it turns out that H.261 and JPEG use 
opposite conventions. This reflects itself in the fact 
that the start codes in H.261 are zero bits whilst the 
marker bytes in JPEG are one bits. 

In order to deal with both conventions, it is necessary 
to invert the coded data bits as they are read into the 
Huffman Decoder in order to decode H.261 style Huffman 
codes. This is done in the obvious manner using an 
exclusive OR gate. Note that the inversion is only 
performed for Huffman codes, as when decoding fixed length 
codes, the data is not inverted. 

MPEG uses a mix of the two conventions. In those aspects 
inherited from H.261, the H.261 convention is used. In 



406 



those inherited from J PE G (the decoding of Dc , «. 
coefficientc:) i-h« Tr ,^ y DC intra 

nts) tne Jp EG convention is used. 

5 USlng ^ transf °™ coefficients table in H 26 1 , 

5 MPEG, there „. «wo.e in H.261 and 

' tnere a ^e number of anomalies. First th~ <- 
MPEG is a SUDer .c 0 . * the table in 

super-set of the table in H.261. m the ha „ 

-plantation of the present invention , t her e "s " 

rr; 6 dr r between the tw ° st — s - - 

10 part of the , „, C ° ntainS COd " fr °» the ■"•"-«» 

these extended codes win „ a „ ^ example, 
H.261. USS Start COde Elation in 

15 Second, the transform coefficient tflh ic * 

that means that it is not „ ^ table has an anomaly 

with the codes per bit t.bT" ^ 

- codes of ^ s t s ^UT^ ^ ^ 

x Cto • inese code worHc a>-~ 

encoder, the correct result is obtained by first encode 

anoth e °; .inn! b^ ' ^tituted by 
other s lx bits by a . lmpl , t , bl< look operation * 

a decoder, in accordance with ,h. operation. In 

>3. • decoding process is int. P " inventi °". th. 

is decode 0 , the code ;o™"i U :\ bef0re ^ 
1~*-P. and the decodinrco^nJef^ ^ * ™' 

I n this case thpre . 

so the necessl" :o": p "t^rr P ° SSible 

0 operation is further helped b y t h e fa« ZL tT'' ^ 
bits of the hat the "PP" two 

result it i Unal "" d the operation. As a 

instead . „ „ """"^ '° U " 3 '™ ^-P 
the appropri: C" 0 " °' « -"-^ " 

> i. caued'^f";;;;,"";;;; 0 :- The module that does this 

^ined herein as a "rin^ i^T "„ iS 
possible ,. . each code fro "> the set of 

Possible codes t . replaced by another code fro. that set 
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(no new codes are introduced or old codes omitted) . 

Furthermore, a unique implementation is used for the very 
first coefficient in a block . In tnis casef J 
impossible for an end-of-block code to occur and 
o therefore, the table is modified so that the most commonly 
occurring symbol can use the code that would otherwise be 
interpreted as end-of-block. This may save one bit. it 
turns out that with the architecture for decoding, in 
accordance with the present invention, this is easily 
10 accommodated. m short, for the first bit of the first 
coefficient the decoding is deemed "done" if "index" has 
the value zero. Furthermore, after decoding only a single 
bit there are only two possible values for "index", zero 
and one, it is only necessary to test one bit. 

15 B. 2. 2. 1.3 Register and Addor g< ~- 

The Huffman Decoder of the present invention can deal 
with Huffman codes that may be as long as 16 bits 
However, the decoding machine is only eight bits wide. 
This is possible because we know that the largest possible 
10 value of the decoded Huffman Index number is 255. In fact 
this could only happen in extended JPEG and, in the current 
application, the limit is somewhat lower (but larger than 
128, so 7 bits will not suffice). 

It turns out that for all i egal Huffman codes, not only 
o the final value of "index", but all intermediate values lie 
in the range 0 to 255. However, for an illegal code, i.e., 
an attempt to decode a code that is not in the current code 
table (probably due to a data error) the index value may 
exceed 255. Since we are using an eight bit machine, it is 
0 possible that at the end of decoding, the final value of 
"index" does not exceed 255 because the more significant 
bits that tell us an error has occurred have been 
discarded. For this reason, if at any time during decoding 
the index value exceeds 255 (i.e., carry out of the adder 
» that forms index) an error occurs and decoding is 
abandoned . 
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Twelve^ bits of "code" are preserved. This is not 
necessary for decoding Huffman codes where an eight bit 
register would have been sufficient. These upper bits are 
required for fixed length codes where up to twelve bits may 
5 be read. 

B. 2. 2. 1.4 Operation for ri xed Length Cedes 

For fixed length codes, the "codes per bit" value is 
forced to zero. This means that "total" and "shifted" 
remain at zero throughout the operation and "index" is, 
10 therefore, the same as code. In fact, the adders and the 
like only allow an eight bit value to be produced for 
"index". Because of this, the upper bits of the output 
word are taken directly from the "code" register when 
decoding fixed length codes. When decoding Huffman codes 
15 these upper bits are forced to zero. 

The fact that sufficient bits have been read from the 
input is calculated in the obvious manner. A comparator 
compares the desired number of bits with the "bit" counter. 
B.2.2.2 Decoding Coefficient Data 

The Parser State Machine, in accordance with the present 
invention, is generally only used for fairly high-level 
decoding. The very lowest level decoding within an eight- 
by-eight block of data is not directly handled by this 
state machine. The Parser State Machine gives a command to 
2 5 the Huffman Decoder of the form "decode a block". The 
Huffman Decoder, Index to Data Unit and ALU work together 
under the control of a dedicated state machine (essentially 
in the Huffman Decoder) . This arrangement allows very high 
performance decoding of entropy coded coefficient data. 
There are also other feedback paths operational in this 
mode of operation. For instance, in JPEG decoding where 
the VLCs are decoded to provide SIZE and RUN information, 
the SIZE information is fed back directly from the output 
of the index to Data Unit to the Huffman Decoder to 
instruct the Huffman Decoder how many FLC bits to read. In 
addition, there are several accelerators implemented. For 
instance, using the same example all VLC values which yield 
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SIZE of zero are explicitly trapped by looking at the 
Huffman Index Value before the Index to Data stage. This 
means that in the case of non-zero SIZE values, the Huffman 
Decoder can proceed to read one FLC bit BEFORE the actual 
5 value of SIZE is known. This means that no clock cycles 
are wasted because this reading of the first FLC bit 
overlaps the single clock cycle required to perform the 
table look-up in the Index to Data Unit. 
B.2.2.2 .1 MPEG and H.261 AC Coefficient Data 
10 Figure 127 shows the way in which AC Coefficients are 

decoded in MPEG and H.261. A flow chart detailing the 
operation of the Huffman Decoder is given in Figure 119. 

The process starts by reading a VLC code. In the normal 
course of events, the Huffman index is mapped directly into 
15 values representing the six bit RUN and the absolute value 
of the coefficient. A one bit FLC is then read giving the 
sign of the coefficient. The ALU assembles the absolute 
value of the coefficient with this sign bit to provide the 
final value of the coefficient. 
2 0 Note that the data format at this point is sign-magnitude 

and, therefore, there is little difficulty in this 
operation. The RUN value is passed on an auxiliary bus of 
six bits while the coefficients value (LEVEL) is passed on 
the normal data bus. 
25 Two special cases exist and these are trapped by looking 

at the value of the decoded index before the Index to Data 
operation. These are End of Block (EOB) and Escape coded 
data. In the case of EOB, the fact that this occurred is 
passed along through the Index to Data Unit and the ALU 
blocks so that the Token Formatter can correctly close the 
open DATA Token. 

Escape coded data is more complicated. First six bits of 
RUN are read and these are passed directly through the 
Index to Data Unit and are stored in the ALU. Then, one 
35 bit of FLC is read. This is the most significant bit of 
the eight bits of escape that are described in MPEG and 
H.261 and it gives the sign of the level. The sign is 
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explicitly read in this implementation because it is 
necessary to send different commands to the ALU for 
negative values versus positive values. This allows the 
ALU to convert the twos complement value in the bit stream 
5 into sign magnitude. In either case, the remaining seven 
bits of FLC are then read. If this has the value zero, 
then a further eight bits must be read. 

In the present invention, the Huffman Decoder's internal 
state machine is responsible for generating commands to 

10 control itself and to also control the Index to Data Unit, 
the ALU and the Token Formatter, As shown in Figure 12 4, 
the Huffman Decoder's instruction comes from one of three 
sources, the Parser State Machine, the Huffman State 
Machine or an instruction stored in a register that has 

15 previously been received from the Parser State Machine. 
Essentially, the original instruction from the Parser State 
Machine (that causes the Huffman State Machine to take over 
control and read coefficients) is retained in a register, 
i.e., each time a new VLC is required, it is used. All the 

20 other instructions for the decoding are supplied by the 
Huffman State Machine. 
B.2.2.2.2 MPEG DC Coefficient Data 

This is handled in the same way as JPEG DC Coefficient 
Data. The same (loadable) tables are used and it is the 

2 5 responsibility of the controlling microprocessor to ensure 
that their contents are correct. The only real difference 
from the MPEG standard is that the predictors are reset to 
zero (like in JPEG) the correction for this being made in 
the. Inverse Quantizer. 

30 B.2.2.2.3 JPEG Coefficient Data 

Figure 12 0 is a block diagram illustrating the 
hardware, in accordance with the present invention, for 
decoding JPEG AC Coefficients. Since the process for DC 
Coefficients is essentially a simplication of the JPEG 

35 process, the diagram serves for both AC and DC 
Coefficients. The only real addition to the previous 
diagram for the MPEG AC coefficients is that the "SSSS" 
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field is fed back and may be used as part of the Huffman 
Decoder command to specify the number of FLC bits to be 
read. The remainder of the command is supplied by the 
Huffman State Machine. 
5 Figure 121 depicts flow charts for the Huffman decoding 

of both AC and DC Coefficients. 

Dealing first with the process for AC Coefficients, the 
process starts by reading a VLC using the appropriate 
tables (there are two AC tables) . The Huffman index is 

10 then converted into the RUN and SIZE values in the Index to 
Data Unit. Two values are trapped at the Huffman Index 
stage, these are for EOB and ZRL. These are the only two 
values for which no FLC bits are read. In the case when 
the decode index is neither of these two values, the 

15 Huffman Decoder immediately reads one bit of FLC while it 
waits for the Index to Data Unit to complete the look-up 
operation to determine how many bits are actually required. 
In the case of EOB, no further processing is performed by 
the Huffman State Machine in the Huffman Decoder and 

2 0 another command is read from the Parser State Machine. 

In the case of ZRL, no FLC bits are required but the 
block is not completed. In this case, the Huffman decoder 
immediately commences decoding a further VLC (using the 
same table as before) . 

25 There is a particular problem with detecting the index 

values associated with ZRL and EOB. This is because 
(unlike H.2 61 and MPEG) the Huffman tables are 
downloadable. For each of the two JPEG AC tables, two 
registers are provided (one for ZRL and one for EOB). 

30 These are loaded when the table is downloaded. They hold 
the value of index associated with the appropriate symbol. 

The ALU must convert the SIZE bit FLC code to the 
appropriate sign-magnitude value. These are loaded when 
the table is downloaded. They hold the value of index 

35 associated with the appropriate symbol. 

The ALU must convert the SIZE bit FLC code to the 
appropriate sign-magnitude value. This can be done by 
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first sign-extending the value with the wrong sign. If the 
sign b"Tt~i s now set, then the remaining bits are inverted 
(ones complement) . 

In the case of DC Coefficients, the decision making in 
5 the Huffman Decoding Stage is somewhat easier because there 
is no equivalent of the ZRL field. The only symbol which 
causes zero FLC bits to be read is the one indicating zero 
DC difference. This is again trapped at the Huffman Index 
stage, a register being provided to hold this index for 
10 each of the (downloadable) JPEG DC tables. 

The ALU of the present invention has the job of forming 
the final decoded DC coefficient by retaining a copy of the 
last DC Coefficient value (known as the prediction) . Four 
predictors are required, one for each of the four active 
15 color components. When the DC difference has been decoded, 
the ALU adds on the appropriate predictor to form the 
decoded value. This is stored again as the predictor for 
the next DC difference of that color component. Since DC 
coefficients are signed (because of the DC offset) 
2 0 conversion from twos complement to sign magnitude is 
required. The value is then output with a RUN of zero. In 
fact, the instructions to perform some of the last stages 
of this are not supplied by the Huffman State Machine. 
They are simply executed by the Parser State Machine. 
25 In a similar manner to the AC Coefficients, the ALU must 

first form the DC difference from the SIZE bits of FLC. 
However, in this case, a twos complement value is required 
to be added to the predictor. This can be formed by first 
sign extending with the wrong sign, as before. If the 
result is negative, then one must be added to form the 
correct value. This can, of course, be added at the same 
time as the predictor by jamming the carry into the adder. 
B.2.2.3 Error Handling 

Error handling deserves some mention. There are 
effectively four sources of error that are detected: 
Ran off the end of a table. 
Serial when token expected. 
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Token when serial expected. 
Too~"many coefficients in a block. 
The first of these occurs in two situations. if the bit 
counter reaches sixteen (legal values being 0 to 15) then 
5 an error has occurred because the longest legal Huffman 
code is sixteen bits, if any intermediate value of "index- 
exceeds 255 then an error has occurred as described in 
section B. 2. 2. 1.3. 

The second occurs when serial data is encountered when a 
10 Token was expected. The third when the opposite condition 
arises . 

The last type of error occurs if there are too many 
coefficients in a block. This is actually detected in the 
Index to Data Unit. 

When any of these conditions arises, the error is noted 
in the Huffman error register and the Parser state machine 
is interrupted. it is the responsibility of the Parser 
State Machine to deal with the error and to issue the 
commands necessary to recover. 

The Huffman cooperates with the Parser State Machine at 
the time of the interrupt in order to assure correct 
operation. When the Huffman Decoder interrupts the Parser 
State Machine, it is possible that a new command is waiting 
to be accepted at the output of the Parser State Machine. 
The Huffman Decoder will not accept this command for two 
whole cycles after it has interrupted the Parser State 
Machine. This allows the Parser State Machine to remove 
the command that was there (which should not now be 
executed) and replace it with an appropriate one. After 
these two cycles, the Huffman Decoder will resume normal 
operation and accept a command if a valid command is there. 
If not, then it will do nothing until the Parser State 
Machine presents a valid command. 

When any of these errors occur, the "Huffman Error" event 
bit is set and, if the mask bit is set, the block will stop 
and the controlling microprocessor will be interrupted in 
the normal manner. 
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Onej=ompiication occurs because in certain situations 
what looks like an error, is not actually an error. The 
most important place where this occurs is when reading the 
macroblock address. It is legal in the syntaxes of MPEG 
5 H. 261 and JPEG for a Token to occur in place of the 
expected macroblock address. If this occurs in a legal 
manner, the Huffman error register is loaded with zero 
(meaning no error) but the Parser State Machine is still 
interrupted. The Parser State Machine's code must 
10 recognize this "no error" situation and respond 
accordingly. in this case, the "Huffman Error" event bit 
will not be set and the block will not stop processing. 

Several situations must be dealt with. First, the Token 
occurs immediately with no preceding serial bits. In this 
case, a "Token when serial expected error" would occur. 
Instead, a "no error" error occurs in the way just 
described . 

Second, the Token is preceded by a few serial bits. m 
this case, a decision is made. if all of the bits 
preceding the Token had the value one (remember that in 
H.261 and MPEG the coded data is inverted so these are zero 
bits in the coded data file) then no error occurs. If, 
however, any of them were zero, then they are not valid 
stuffing bits and, thus, an error has occurred and a "Token 

2 5 when serial expected" error does occur. 

Third, the token is preceded by many bits. In this case, 
the same decision is made. if all sixteen bits are one, 
then they are treated as .padding bits and a "no error" 
error occurs. if any of them had been zero, then "Ran off 

3 0 Huffman Table" error occurs. 

Another place that a token may occur unexpectedly is in 
JPEG, when dealing with either Huffman tables or Quantizer 
tables, any number of tables may occur in the same Marker 
Segment. The Huffman Decoder does not know how many there 
Because of this fact, after each table is completed 
it reads another 4-bit FLC assuming it to be a new table 
number. if, however, a new marker segment starts, then a 
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token wi u be encountered in place of the 4 bit FLC. This 
requirement is not foreseen and/ therefore, an "Ignore 
Errors" command bit has been added. 
B.2.2.4 Huffman Commands 

Here are the bits used by the Parser State Machine to 
control the Huffman Decoder block and their definitions. 
Note that the index to Data Unit command bits are also 
included in this table. From the microprogrammer ' s point 
of view, the Huffman Decoder and the Index to Data Unit 
operate as one coherent logical block. 



Sil 


Name 


Funcuon 


11 


| ignore Errors 


. Used to oisaoie errors tn cenam circ-msiances. 


10 


Download 


Either nominate a :aote for cownicac cr cownioac ca:a ; 
into that table. j 


9 


AJuiao 


Use information from tr.e ALU reenters :o specify ;r.e ; 
table number (or numcer z\ tits of PLC) j 


e 


Bypass 


Bypass the index :o Data Unit ' 


7 


Token 


Decode a Token rather ;han FLC or VLC 


6 


First Coeff 


Selects first coefficient tncK for Tcoeft :3Cie arc ctr.er 
special modes. 


i 5 

I 

! 


Special 


if set tne Huffman State machine snc-:d taxe ever 
control: 


4 | 


VLC {not FLC) | 


Spec:fy VLC or FLC 



J Tabie(3] I Soec:fy tne table to use (cr VLC 



Table B.2.2 Huffman Decoder Commands 



Table B.2.2 Hufman Decoder Commands 

B. 2. 2. 4.1 Reading FLC 

In this mode, Ignore Errors, Download, Alutab, Token, 
First coeff, Special and VLC are all zero. Bypass will be 
5 set so that no Index to Data translation occurs. 

The binary number in Table[3:0] indicates how many bits 
are to be read. 

The numbers 0 to 12 are legal. The value zero does 
indeed read zero bits (as would be expected) and this 
10 instruction is, therefore, the Huffman Decoder NOP 
instruction. The values 13, 14 and 15 will not work and 
the value 15 is used when the Huffman State Machine is in 
control to denote the use of "SSSS" as the number of bits 
of FLC to read. 
15 B.2.2 . 4. 2 Reading vt.c 

In this mode, Ignore Errors, Download, Alutab, Token, 
# First coefficient and Special are zero and VLC is one 
• Bypass will usually be zero so that Index to Data 
translation occurs . 

In this mode Token, First Coefficient and Special are all 
zero, VLC is one. 

The binary number in Table[3:0] indicates which table to 

use as shown: 
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i Tabie(3:0] 


VIC Table to use 


j 0000 


| TCoefficient (MPEG and H.261) 


| 0001 


CBP (Coded Block Pattern) 


i 0010 

i 


MBA (Macrobiock Address) 


j 0011 


! MVO (Motion Vector Data) 


! 0100 


intra Mtype 


| 0101 


Predicted Mrype 


j 0110 


interpolated Mtype 


0111 


H.261 Mtype 


10x0 


JPEG (MPEG) DC Table 0 j 


10x1 


JPEG (MPEG) 0C Table 1 j 


11x0 


JPEG AC Table 0 


11X1 


JPEG AC Table 1 j 



Table B.2.3 Huffman Tables 



10 



Note that in the case of the tables held in RAM (i.e. 
the JPEG tables) bit 1 is not used so that the table 
selections occur twice. If a non-baseline JPEG decoder is 
built, then there will be four DC tables and four AC tables 
and Tablefl] will then be required. 

If Tablef 3] is zero, then the input data is inverted as 
it is used in order that the tables are read correctly as 
H.261 style tables. in the case of Table [ 3 : 0 ] =0 , the 
appropriate Ring modification is also applied. 
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B.2.2,4-3 NOP Instruetiftw 

As previously described, the action of reading a FLC of 
zero bits is used as a No Operation instruction. No data 
is read from the input ports (either Token or Serial) and 
5 the Huffman Decoder outputs a data value of zero along with 
the instruction word. 

B 2 2 - 4 - 4 ^Coeffici ent First Coefficient 

The H.261 and MPEG TCoefficient Table has a special non- 
Huffman code that is used for the very first coefficient in 
10 the block. m order to decode a TCoefficient at the start 
of a block, the First Coefficient bit may be set along with 
a VLC instruction with table zero. One of the many effects 
of the First Coefficient bit is to enable this code to be 
decoded . 

Note that in normal operation, it is unusual to issue a 
"sxmple" command to read a TCoefficient VLC. This is 
because control is usually handed to the Huffman Decoder by 
setting the Special Bit. 

B.2.2.4.5 Reading Token Vai-Am 

In order to read Token words, the Token bit should be set 
to one. The Special and First Coefficient bits should be 
zero. The VLC bit should also be set if the Table[0] bit 
is to work correctly. 

in this mode, the bits Tabled] and TablefO] are used to 
modify the behavior of the Token reading as follows; 
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Bit 


Meaning 


TaDlefO] 


Disc a/5 caccing dus of senai data 


Tablet 1] 


Discard all senaJ cata. 
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If both Table[0] and Tabled] are zero, then the presence 
of serial data before the token is considered to be an 
error and will be signalled as such. 

If Table [i] i s set, then all serial data is discarded 
until a Token Word is encountered. No error will be caused 
by the presence of this serial data. 

If Table[ 0] is set, then padding bits will be discarded. 
It is, of course, necessary to know the polarity of the 
padding bits. This is determined by Table[3] in exactly 
the same way as for reading VLC data. If Table [3] is 
zero, input data is first inverted and then any "one" bits 
are discarded. If Table [ 3 ] is set to one, the input data 
is NOT inverted and "one" bits are discarded. Since the 
action of inverting the data depending upon the Tabled] 
bit is conditional on the VLC bit, this bit must be set to 
one. If any bits that are not padding bits are encountered 
(i.e., "l" bits in H.261 and MPEG) an error is reported. 

Note that in these instructions only a single Token word 
is read. The state of the extension bit is ignored and it 
is the responsibility of the Demux to test this bit and act 
accordingly. Instructions to read multiple words are also 
provided - see the section on Special Instructions. 

B.2 .2 . 4 . 6 ALU Rec iste ra Specify Tab? * 

If the "Alutab" bit is set, registers in the ALU's 
register file can be used to determine the actual table 
number to use. The table number supplied in the command, 
together with the VLC bit, determines which ALU registers 
are used; 

Table B.2. 4 ALU Register Selection 



VLC 


ttt,le ' 3:0 l | ALU table 


0 


xQxx 




0 


X1)0C 




1 


xOxr 


dc.huffjcompid] 


1 


xlaoc 


ac_hufl[compid] 
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In the case of fixed length codes tho 
bits are*«ad for „• correct number of 

a nop in-rc^^r the vectors - if r - si - *■ 
to on. oAL the resuiti - *««• 

7 SD«ei«l ^n atr^T fj-n , . 

«. uVf^ J*" in " rUCti ° nS '« «— of operation, describe 
10 T " eon "'«««" "«1-P1." instructions. For each 

:::i an ,o f that t h is received ' the •«-^^ <* 

result " rial ° f -"•> is read and the 

resulting data is output. If no error is detected, exactly 
one output «u be generated per =o»a,d. * 

takes control and will issue ir„!f 

of the'" SPSCial the first real instruction 

special b T.« t"" ^ " " 6XeCU " d 1S 1 " u " ^ 
pedal bxt set to one. This means that all sequences must 

» rrt it"; iHstruction - T -~*e ": h r 

is available >h ' '"""""l- «' the sequence 

bLT Ut 3 10 ° K - UP °P e «tion being required 

based upon the command received from the Parser 

™r% 3re . fOUr reC ° 9ni " d instructions: 

* TCoef f lcient 

3 ° "JPEG DC 



• JPEG AC 
■ Token 
The first 



-coefficient: trick is applied. if the block is an intra 
block, the DC term should already have been read and the 
"First Coefficient" bit should be zero. 

In the case of an intra block in H.261, the DC term is 
read usxng a "simple" instruction to read the 8 bits FLC 
value. m MPEG, the "JPEG DC" special instruction 
described below is used. 

The "JPEG DC" command is used to read a JPEG style DC 
term (including the SSSS bits FLC indicated by the VLC) 
It is also used in MPEG. The First Coefficient bit must be 
set xn order that a counter (counting the number of 
coefficients) in the Index to Data Unit is reset. 

The "JPEG AC" command is used to read the remainder of a 
block, after the DC term until either an EOB is encountered 
or the 64* coefficient is read. 

The "Token" command is used to read an entire Token. 
Token words are read until the extension bit is clear It 
is a convenient method of dealing with unrecognized tokens. 
B.2.2.4.8 D ownloading Tabl»q 

in the present invention, the Huffman Decoder tables can 
be downloaded by using the "Download" bit. The first step 
15 t0 non,inate ^ich table to download. This is done by 
issuing a command to read a FLC with both the Download and 
First coeff bits set. This is treated as an NOP so no bits 
are actually read, but the table number is stored in a 
register and is used to identify which table is being 
loaded in subsequent downloading. 




As the above table shows, either the AC or DC tables can 
be loaded and table(3, determines whether it is the cod.s- 

Z r lT (in the Huftman decoder itself » - ™* I—. 

to Data table that is loaded. 

Once the table is nominated, data is downloaded into it 
by issum, a command to read the required number of FLC 

cllT/Vr bltS) D °" nl0ad bi " s « «• rirst 

coeff blt 2ero) . This causes the decoded 

written into the nominated table. An address counter is 

maintained, the data is written > r <-h~ 

then i-h- ^ written at the current address and 

then the address counter is incremented. The address 
counter is reset to zero whenever a table is nominated. 

When downloading the Index to Data tables, the data and 
addresses are monitored. No te that the address is the 
Huffman index number while the data loaded into that 
address is the final decoded symbol. This information is 
used to automatically load the registers that hold the 
Huffman index number for symbols of interest. Accordingly 

in a JPEG AC table, when ^ «. 

j-c wnen the data has the value 

corresponding to ZRL is recognized, the current address is 
written into the register CED_H KEY ZRL INDEXO or 
CEC ._H_KEV_2K._IHDEX1 as indicated by the table'number. 

Since decoded data is written into the codes-per-bit 
t^ble one phase after it has been decoded, it is not 
possible to read data from the tabie during this phase. 
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Therefore, an instruction attempting to read a VLC that is 
issued immediately after a table download instruction will 
fail. There is no reason why such a sequence should occur 
m any real application (i.e., when doing JPEG). it is 
5 however, possible to build simulation tests that do this.' 
B.2.2.5 Huffman state Machine 

The Huffman State Machine, in accordance with the present 
invention, operates to provide the Huffman Decoder commands 
that are internally generated in certain cases. All of the 
10 commands that may be generated by the internal state 
machine may also be provided to the Huffman Decoder by the 
Demux. 

The basic structure of the State Machine is as follows. 
When a command is issued to the Huffman Decoder, it is 
stored in a series of auxiliary latches so that it may be 
reused at a later time. The command is also executed by 
the Huffman Decoder and analyzed by the Huffman State 
Machine. if the command is recognized as being the first 
of a known instruction sequence and the SPECIAL bit is set 
then the Huffman Decoder state Machine takes over control 
of the Huffman Decoder from the Parser State Machine. 

At this point, there are three sources of instructions 
for the Huffman Decoder: 

DThe Parser State Machine - this choice is made 
at the completion of the special instruction 
(e.g., when EOB has been decoded) and the next 
demux command is accepted. 

2) The Huffman State Machine. The Huffman State 
Machine may provide itself with an arbitrary 

30 command. 

3) The original instruction that was issued by the 
Parser State Mchine to start the instruction. 

In case (2), it is possible that the table number is 
provided by feedback from the Index to Data Unit, this 

33 W ° Uld then re Pia« the field in the Huffman State Machine 
ROM. 

In case (i), i n certain instances, table numbers are 
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Provided by values obtained 

(e -9-. i-n the case „ " the register file 

st ^ ^ ^ "ored - th command 

table „ mter is th „ wh . ch « l«Ur reused the 

recovered again from ^ si nce " " »<* 

-nter. „ iu have advanced in order to ^er^ - 

necessary for the decision to b! „ * deC ° dM ' 14 is 

* Jt iSlon to be made verv iaf a _ 

Accordxngly, the general structure is on- * 
the possiMe instructions are p " "r ed ^ ° f 

multiplexing late in *■„ P re P*red ln parallel and 

5 instruction. 6 Cy<=le det ^n,i nes the actual 

in ~^ determining the 

n-t cycle, the state machinl ^ M a \ ^ ^ *** 

instruction that win be attach h ! ^ermines the 

Passes to the Xndex to Oata Un ,t a n d ° T ^ " 

exactly the same way all J" ° nt ° the ALU ' 

Prepared in parallel 'and th.„ ? e H " inStructi °<- are 

cycle. h6n a choice i« made late in the 

Again, there are three • 
instruction that co,^ ^ ^ ^ ° f 
next Huff^n oecoder instruction "ove ^ 

1) ^constant instruction suitable for End of 

2) The Huffman state Machine The » ~ 
Machine may provide an /k Huf ^n state 
the xndex to'oata Unit ^""^ *™«™"on for 

3) The original instruction thai- „ 

Parser to start the in./ 1SSUSd by the 

tarr the instruction. 
^'•M EOB co« P »»^ r 

The EOB comparator's output es «nH 
of the constant instruction to be f ° rCSS Selectio " 

°-a unit and will also cause tt *° ^ ^ "° 

cause the next Huffman Instruction 



to be ^the next instruction from the Parser. The exact 
function *of the comparator is controlled by bits in the 
Huffman State Machine ROM. 

Behind the EOB comparator, there are four registers 
holding the index of the EOB symbol in the AC and DC JPEG 
tables. In the case of the DC tables, there is of course 
no End-Of-Block symbol but there is the zero-size symbol, 
that is generated by a DC difference of zero. Since this 
causes zero bits of FLC to be read in exactly the same way 
as the EOB symbol, they are treated identically. 

In addition to the four index values held in registers, 
the constant value, l, can also be used. This is the index 
number of the EOB symbol in H.2 61 and MPEG. 
B . 2 . 2 . S . 2 2RL Comparator 

In the present invention, this is the more general 
purpose comparator. it causes the choice of either the 
Huffman State Machine instruction or the Original 
Instruction for use by the I to D. 

Behind the ZRL comparator, there are four values. Two 
are in registers and hold the index of the ZRL code in the 
AC tables. The other two values are constants, one is the 
value zero and the other is 12 (the index of ESCAPE in MPEG 
and H. 261) . 

The constant zero is used in the case of an FLC. The 
constant 12 is used whenever the table number is less than 
8 (and VLC) . One of the two registers is used if the table 
number is greater than 7 (and VLC) as determined by the low 
order bit of the table number. 

A bit in the state machine ROM is provided to enable the 
comparator and another is provided to invert its action. 

If the TOKEN bit in the instruction is set, the 
comparator output is ignored, and replaced instead by the 
extn bit. This allows for running until the end of a 
Token. 

B -2.2.5.3 Huffman State Machine ROM 

The instruction fields in the Huffman state Machine are 
as follows: • • 
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nxtstate [4:0] 

be lodi^^" " u " in the next cycle - This ° dd "" ~y 

£>e modified, 
statectl 

Allows modification of the next state address. if zero 
the state machine address is unmodified, otherwise the LSB 
of the address is replaced by the value of either of the 
two comparators as follows: 



nxtstatefO] 




0 


Replace Lsb by EOB match 


1 


Replace Lsb by ZRL match 



10 



15 



Note: in any case, if the next Huffman Instruction is 
selected as "Re-run original command" the state machine 
will :ump to location o, 1 , 2 or 3 as appropriate for the 

command . 

eobct[ 1:0] 

This controls the selection of the next Huffman 
instruction based upon the EOB comparator and extn bit as 

follows : 



eobcti[1:0] 




00 


No effect - see zric:i(i:0] 


01 


Take new (Parser) command if EOS 


10 


Take r.ew (Parser) command rt exm tow 


1 1 Unconditional Demux Instruction 



zrlctr 1 : OJ 

This controls the selection of the next Huffman 
instruction based upon the ZRL comparator. if the 



condition is met, then it takes the state machine 
instruction, otherwise it re-runs the original . instruction . 
in either case, if an eobctl*+ condition takes a demux 
instruction then this (eobctl*+) takes priority as folic 



Lows ; 



zrlctl(1:0] 




00 


Never take SM (always re-run) 


01 


Always take SM command 


10 


SM if ZRL matches 


11 


SM if Z^L does not match 



sratab[ 3:0] 

In the present invention, this is the table number that 
will be used by the Huffman Decoder if the selected 
instruction is the state machine instruction. However, if 
the ZRL comparator matches, then the zrltab[3:0] field is 
used in preference. 

If it is not required that a different table number be 
used depending upon whether a ZRL match occurs, then both 
smtab[3:0] and zrltab{3:0] will have the same value. Note, 
however, that this can lead to strange simulation problems 
m Lsim. m the case of MPEG , there is no obvious 
requirement to load the registers that indicate the Huffman 
index number for ZRL (a JPEG only construction). However, 
these are still selected and the output of the ZRL 
comparator becomes "unknown" despite the fact that both 
smtab[3:0] and zrltab[3:0] have the same value in all cases 
that the ZRL comparator may be "unknown" (so it does not 
matter which is selected) the next state still goes to 
"unknown" . 
zrltab[3:0] 

This is the table number that will be used by the Huffman 
decoder if the selected instruction is the state machine 
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instruction. However i -e <kk« tot 

fh . . -r - "owever, if the ZRL comparator matches then 

the 2 rltab[3:0] field is used in preference. 

If it is not required that a different table number be 
used depending upon whether a ZRL match occurs, then both 
smtabr3:0] and 2 rltab[3:0] will have the same value. Note 
however, that this can lead to strange simulation problems 
in Lsim. m the case of MPEG, there is no obvious 
requirement to load the register that indicate the Huffman 
index number for ZRL (a JPEG only construction) . However 
these are still selected and the output of the ZRL 
comparator becomes "unknown" despite the fact that both 
s m tabr 3 :0] and zrltab[3:0] have the same value in all cases 
that the ZRL comparator may be "unknown" (so it does not 
matter which is selected) the next state still goes to 
"unknown" . 
zrltab[ 3 : 0 ] 

This is the table number that will be used by the Huffman 
Decoder if the selected instruction is the state machine 
instruction and the ZRL comparator matches. 

smvlc 

This is the VLC bits used by the Huffman Decoder if the 
selected instruction is the state machine instruction. 

aluzrl [1:0] 

This field controls the selection of the instruction that 
is passed to the ALU. it will either be the command from 
the Parser State Machine (that was stored at the start of 
the instruction sequence) or the command from the state 

machine : 



aluzrl[1:0] j ■ 


00 


Always [a xe saved Parser Slate Machine Co^n, " 


01 


Always take tne Huffman State MacM.ne Comman. 


10 

11 I 


latce tne H-jflman SM command if not EOB 



a lueob 



Thi«vir. controls modification of the instruction passed 
to the ALU based upon the EOB comparator. This simply 
forces the ALU's output mode to "zinput". This is an 
arbitrary choice; any output mode apart from "none" win 
suffice. This is to ensure that the end-of-lock command 
word is passed to the Token Formatter block where it 
controls the proper formatting of DATA Tokens: 



alueob 




0 


Do nol mooify.ALU oulsrc field 


l' 


Force 'incur into outsrc if EOB marcn 



The remainder of the fields are the ALU instruction 
fields. These are properly documented in the ALU 
description. 

B ' 2 - 2 - 5 - 4 Huffman State M» e h j ne Modification 

In one embodiment of the state machine, the Index to Data 
Unit needs to "know" when the RUN part of an escape-coded 
Tcoefficient is being passed to the Index to Data Unit. 
While this can be accomplished using an appropriate bit in 
the control ROM, but to avoid changing the ROM, an 
alternative approach has been used. m this regard, the 
address going into the ROM is monitored and the address 
value five is detected. This is the appropriate location 
designated in the ROM dealing with the RUN field. of 
course, it will be apparent that the ROM could be 
programmed to use other selected address values. Moreover, 
the aforedescribed approach of using a bit in the control 
ROM could be utilized. 
B.2.2.6 Guided Tour of Schematics 

In the present invention, the Huffman Decoder is called 
"hd". Logically, "hd» actually includes the Index to Data 
Unit (this is required by the limitations of compiled code 
generation). Accordingly, "hd" includes the following 



major blocks; 
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Table B.2.6 Huffman Modules 




10 
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The following description of the Huffman modules is 
accomplished by a global explanation of the various 
subsystem areas shown in greater detail in the drawings 
thwart" COmPrehended b * one <* ordinary skill in 

B, 2 .2.6.1 Description of "h^u 

The logic for the two-wire interface control usually 

includes three ports controlled by the two-wire interface; 

data input, data output and the command. m addition. 

there are two "valid" wires fro* the input shifter; 

to*en_valid indicating that a Token is being presented on 

in_data[7:o] and serial_vali d indicating that data is being 

presented on serial. 

The most important signals generated are the enables that 
go to the latches. The most important being el which is 
the enable for the phi latches. The majority of phO 
latches are not enabled whilst two enables are provided for 
those that are; eO associated with serial data and eOt 
associated with Token data. 

in the present invention, the "done" signals (done, 
notdone and their phO variants doneO and notdoneO) indicate 
when a primitive Huffman command is completed. In the case 
when a Huffman State Machine command is executed, "done" 
wm be asserted at the completion of each primitive 
command that comprises the entire state-machine command. 
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?rVt:-\ n " n ° W PreVe " tS « ^ ".w command 

State Mach " St " e " aChine Until Ch6 enti " "u««n 
state Machine command is completed. 

Regarding control of information received from the in-.. 

• « ^ata unit, the control logic for the -. lM . fie d i f." 

;; d . t0 Hu »— --Tin, JPE0 coeffic^nt 

decoding. This can actually happen in two ways. If t £ 

iz^T 1 : one - this is fed tack °" "~ 

oulu of "h" ; rt 0therWi "' th ° si « i- *«« °*=* from the 
output of the index to data unit (out dat aC 3 !0 , and a 
sxgna fbvalidi indlcates ^ ^ ..-J^ ^ 

the fed-ba=* data into the command register (sheet 10 , 

In addition, there is feedback that exactly 64 

not deC ° de - Si "~ "~ «» " 

not coded xn this situation, the signal forceeob is 

produced. By analogy, wlth th . signals for 

as mentioned above, there are in fact two ways in 
«*i=h this is done. Either jP egeob is used ,a p hl sZ J" 
or .pegeobo. Kote that in the case when a normal 
is made Opegeob, , the latch i_ 971 is on l y i oaded as the 
i. fed bac* and not cleared until a new Parser state 
Machine command is accented T h a ■ , „ state 
actuallv oe t accepted. The signal forceeob does not 

actually get generated until a w,,** 

• Thus tho f ^ , Huffman code is decoded. 
Thus, the fixed length code (i. e si2e hi t., • 
affected, but the nevt u„ ' 13 " 0t 
ronl nSXt Huffman coded information is 
replaced by the forced end of block mi-H 

< „ ^ oiocK. in the case when size 

« one and :P egeobO is used, only one bit is read and 
therefore, >_ 1255 and de • 

corr time . Nota that it ^ impossifaie £ ^ t*. 

«-=ur in this situation since the only symbols with 
size zero are EOB and ZRL. 

produce" tco d e f 7 ° C th * «» 

ZTZlo Tlr (HU " man deC ° din ' *«>•" table, , 

operation I JT deC ° di " 9 ^ ™* a " d ™P <"° 

A r7xed en t h " *™ '« generating nop. 

iengtn code of size zero is one, the forceeob 
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"B, and lastly A b l e ° " ° UtpUt is Reduced to signal 

notfrczero LT ^ n » 1 ~"<»> - • third. 

^ ero (generated bv a ptp 
5 ensures that the result ^ FLC of size zero, a N0P) 

used. Furthermore invert T *" 3 "° P is 
should be inverted bef "^"^ th * bit. 

».2.».I.i). rino lndi t deC ° din ° ' «=««> 

ring shou d be appltd" 

Decoding is also Se " l0n ^* 2 ' 2 * 1 • 2 ) • 

codes- P er-lit RO ms ^^Tun ^ rdi " 9 """"^ ^ 

P.- -Ms. The sionais a " c^ed" e^ ~" 

Ml.) purely to ,„ .„,.., upucated (e.g., esha and 

into two sections Z add * " Par « in ' «• *°Ms 

» - «« counter .il : "o" Z^JT^ ^ 

interface address ,key-addr r 3 • o7> deT „ mlCr ° Pr °««° ' 
to the block being selected dePendln " U P°" »» access 

r e,r s :t;rrch d rt„r ;;r;r uith the upi — •< 

0 for the JPEG tables (E0B 2RL «c f, " an ind " V ' lu " 

trist a te driver control 'for these ^ 3 

reading of the codes per bit ^ «• »« 

Arithmetic datapath decoding ■: 
important bit numbers first 't^ 

with the Tcoeff firQl . ~ USSd ln connection 

concerned with "ppi^ tie A" " d i. 
the use of forceeob to sAuiaTe th ""^ 
-par a tor matches the ^ 
Regarding the extn bit 

-ifter, then the asJoc^Aa ext^ " ^ *»P« 

it. otherwise, the last value of extn A" 

allows the testing of the extn bit by the m ""^ ™' 
at any time after a token has been read 

When zerodat is asserted th a 
Huffman output data are forc'ed to ITJ Mt « ° f 

have valid values when decoding „ ™\ M " 
are zeroed „ h „ ^, length codes, they 

zeroed when decoding a VLC, a tok.n „_ ... 
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instruction is executed for any reason. 

Furtne* circuitry detects when each command is completed 
and generates the ..done" signals. Essentially, there a^e 
_ two groups of reasons for being "done"; normal reasons and 
=> exceptional reasons. These are each handled by one of the 
two three way multiplexers. 

The lower multiplexer (i_ 1275 ) handles the normal 
reasons. m the case of a FLC, the signal ndnflc is used 
This 1S the output of the comparator comparing the bit 
10 counter with the table number. m the case of a VLC, the 
signal ndnvic is used. This is an output from the 
arithmetic datapath and reflects directly Equation 9. m 
the case of an NOP instruction or a Token, only one cycle 
15 ••doneT 1 ^ theref ° re ' thS »W» i» unconditionally 

in the present invention, the upper multiplexer (i 12 74, 
handles exceptional cases. if tne decoder is a 
size to be fed back (fbexpctdO) in JPEG decoding and that 
size is one (notfboneO) , then the decoder is done because 
only one bit is required. If tne decoder 
first bit of the first coefficient using the Tcoeff table 
it is done if bit zero of the current index is zero (see 

the C n\° h n B ' 2 : 2 - 1 ' 2; • If " eith - °' these conditions are met 
then there is no exceptional reason for being done 
The NOR gate (i_ 1293) finally resolves ^ 
condition. The condition generated by i-570 (i.e., that 
the data is not valid) forces "done". This may seem a 
little strange. it is used primarily just after reset to 
force the machine into its "done" state in preparation for 
the first command ("done" resets all counters, registers 
etc.). N ote that any error condition also forces "done".' 

The signal notdonex is reouireH 
ay .r required for use in detecting 

erro Tne normal ..^ ^ ^ ^ ^ 

dete g an error „ done „ . s fQrced an ^^ ^ ^ ^ 

done would give a combinatorial feedback loop. 

Error detection and handlinq j c , • ^ . 

. J -- Lll ^> is accomplished by 

circuitry which detects all of the possible error 
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conditions. These are ORed together in i_H90. In this 
case, i_1193, i-585 and i_584 constitute the three bit 
Huffman error register. Note i_l253 and i-1254 which 
disable the error in the cases when there is no "real" 
error (section B.2.2.3). 

In addition, i_580 and i_579 along with the associated 
circuitry provide a simple state machine that controls the 
acceptance of the first command after an error is detected. 

As previously indicated, control signals are delayed to 
match pipeline delays in the Index to Data Unit and the 
ALU. 

Itod_bypass is the actual bypass signal passed to the 
Index to Data Unit. It is modified when the Huffman State 
Machine is in control to force bypass whenever a fixed 
length code is decoded. 

Aluinstr[32] is the bit that causes the ALU to feedback 
(condition codes) to the Parser State Machine. 
Furthermore, it is important when the Huffman State Machine 
is in control that the signals are only asserted once 
(rather than each time one of the primitive commands 
completes) . 

Aluinstr[36] is the bit that allows the ALU to step the 
block counters (if other ALU instruction bits specify an 
increment too) . This also must only be asserted once. 

In addition, these bits must only be asserted for ALU 
instructions that output data to the Token Formatter. 
Otherwise, the counters may be incremented prior to the 
first output to the Token formatter causing an incorrect 
value of "cc" in a DATA token. 

In the illustrated embodiment of the invention, either 
alunode[l] or alunode[0] will be low if the ALU will output 
to the Token Formatter. 

Figure 118, similar to Figure 27, illustrates the Huffman 
State Machine datapath referred to as "hdstdp". There is 
also a UPI decode for reading the output of the Huffman 
State machine ROM. 

Multiplexing is provided to deal with the case when the 



table number is specified by the ALU register file 
locations (see Section B.2.2.4.6). 

The modification of aluinstr [3 : 2 ] deals with forcing the 
ALU outsrc instruction field to non-none (section 
B.2.2.5.3, description of alueob) 

Regarding the command register for the Huffman Decoder 
block (x) , each bit of the command has associated 
multiplexer which selects between the possible sources of 
commands. Four control signals control this selection: 

Selhold causes the register to retain its current state. 

Selnew causes a new command to be loaded from the Parser 
State Machine. This also enables loading of the registers 
that retain the original Parser State Machine command for 
later use. 

Selold causes loading of the command from the registers 
that retain the original Parser State Machine command. 

/seism causes loading of the command from the Huffman 
State Machine ROM. 

In the case of the table number, the situation is 
slightly more complicated since the table number may also 
be loaded from the output data of the Index to Data Unit 
(selholdt and muxsize) . Latches hold the current address 
in the Huffman state machine ROM. The logic detects which 
of the possible four commands are being executed. These 
signals are combined to form the lower two bits of the 
start address in the case of a new command. 

Logic also detects when the output of the state machine 
ROM is meaningless (usually because the command is a 
"simple" command) . The signal notignorerom effectively 
disables operation of the state machine, in particular, 
disabling any modification of the instruction passed to the 
ALU. 

The circuitry generating f ixstateO controls the limited 
jumping capability of this state machine. 

Decoding is also provided for driving the signals into 
the Huffman State Machine ROM. This is datapath-style 
combinatorial ROM. 
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B. 2 T ?.TT raCi ° n ° f eS " Pe - rUn is — in section 
Hu f °f e r„ di r 9 / 1S ° P " VideS f ° r the "Asters that hold the 

The decoding in the center (.. [4 : 0] and „ l3 J u 

select which register or constant value to compare against 
the decode Huffman Index. ' 

Regarding the control logic for the Huffman state 

St!t. n M' „ " inS " u « io "" bit. from the Huffman 

State Machine ROM are combined with various conditions to 
determine what to do next and how to modify the instruction 

word for the ALU. 

J""" P " Sent inv *"i°". the signals notnew. notsm and 
notold are used on sheet 10 to contro! the operation of the 
Huffman Decoder command register. They are generated here 
in an obvious manner from the control bits in the state 
machine ROM (described in Section B.2.2.S.,, together with 
n^lLTh" ^ " e HU "™ an Ind6X (neobmatch and 

selection is also accompiished of the source for the 

instruction passed to the ALU. Th . actual multiplexing is 

performed in the Huffman state Machine datapath •■hfstdp.. 

Four control signals are generated. ' 
in the case when the end-of-block has not been 

encountered, one of aluseldmx (selecting the Parser state 

Machine instruction) or aluseicm 

w . ' aiuselsm (selecting the Huffman 

state machine instruction) will be generated. 

In the case when the end-nf.m^ 

ena or-biock has not been 
encountered, one of aluseleobd rc e1a .f 

M . . eora (selecting the Parser State 

Machine -i n<=i- vi ■; \ , .._ 



vr = „ u • v -"^^"y tne parser state 

Machine instruction, or aluseleobs (selecting the Huffman 
state Machine instruction, win be generated. In addition 
he outsrc" field of the ALU instruction is modified to 



instruction) will be generated, 
field c 
force it to "zinput" 

A register holds the nominated table number during table 
download. Decoding is provided for the codes-per-bit RAMs . 
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Additional decoding recognizes when symbols like EOB and 
ZRL are * downloaded so that the Huf fman Index number 
registers can be automatically loaded. 

Regarding the bit counter, a comparator detects when the 
correct number of bits have been read when reading a FLC. 
B. 2. 2. 6.2 Description of "hddp" 

Comparators detect the specific values of Huffman Index. 
Registers hold the values for the downloadable tables. The 
multiplexers (meob(7:0) and mzr[7:0]) select which value to 
use and the exclusive-or gates and gating constitute the 
comparators. 

Adders and registers directly evaluate the equations 
described in Section B.2.2.1. No further description is 
thought necessary here. An exclusive or is used for 
inverting the data (i_807) described in Section B. 2. 2. 1.1. 

The "code" register is 12 bits wide. A multiplexing 
arrangement implements the "ring" substitution described in 
Section B. 2. 2. 1.2. 

Regarding the pipeline delays for data and multiplexing 
between decoded serial data ( index [ 7 : o ] ) and Token data 
(ntoken0[7:0] ) , the Huffman index value is decided in ZRL 
and EOB symbols. 

Codes-per-bit ROMs and their multiplexing are used for 
deciding which table to use. This arrangement is used 
2 5 because the table select information arrives late. All 
tables are then accessed and the correct table selected. 

Regarding the codes-per-bit RAM, the final multiplexing 
of the codes-per-bit ROM and the output of the codes-per- 
bit RAM takes place inside the block "hdcpbram" . 
3 0 B.2.2.6.3 De scription of "hdatdp" 

In the present invention, "Hdstdp" comprises two modules, 
"hdstdel" is concerned with delaying the Parser State 
Machine control bits until the appropriate pipeline stage, 
e.g., when they are supplied to the ALU and Token 
Formatter. It only processes about half of the instruction 
word that is passed to the ALU , the remainder being dealt 
with by the other module "hdstmod" . 
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"Hdstmod" includes the Huffman State Machine ROM . Some 
bits of this instruction are used by the Huffman state 
Machine control logic. The remaining bits are used to 
replace that part of the ALU instruction word (from the 
Parser State Machine) that is not dealt with in "hdstdel". 

"Hdstmod" is obvious and requires no explanation - there 
are only pipeline delay registers. 

"Hdstdel" is also very simple and is handled by a ROM and 
multiplexers for modifying the ALU instruction. The 
remainder of the circuitry is concerned with UPI read 
access to half of the Huffman State Machine ROM outputs. 
Buffers are also used for the control signals. 
B.2.3 The Token Formatter 

The Huffman Decoder Token Formatter, in accordance with 
the present invention, sits at the end of the Huffman 
block. its function, as its name suggests, is to format 
the data from the Huffman Decoder into the propriety Token 
structure. The input data is multiplexed with data in the 
Microinstruction word, under control of the 
Microinstruction word command field. The block has two 
operating modes; DATA_WORD, and DATA_TOKEN. 
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•1 The Microinstruction Word 



Table B.2.7 The Microinstruction 
word consisting of seven fields 



Fie id Name 


i 


Token 


0:7 


MaSK 


8:11 


Block Type (St) 


12:13 


ExrernaJ Extn (Ee) 


14 


Demux Exin (De) 


15 J 


Enca ol Bicck (Eb) 


16 


Command (Cmc) 


17 



17 16 15 14 



12 



grnti | & I De| Ee | Bt | Mask 1 Token 

The Microinstruction word is governed by the same accept as the Data word. 



The Microinstruction word is governed 
by the same accept as the Data word. 
B.2.3.2 Operating Modes 

Table B.2.8 Bit Allocation 



Cmd 


Mode 


0 


Oata.Word 


1 


Data.Token 



B. 2 . 3 . 7 . i Data Worrf 

In thi; mode, the top eight bits of the input are fed to 
the output. The bottom eight bits will be either the 
bottom eight bits of the input, the Token field of the 
Microinstruction word or a mixture of both, depending on 
the mask field. Mask represents the number of input bits 
in the mix, i.e. 

out_data [16:8] =in_data [16:8] 

out_data { 7 : o ] = (Token [ 7 : o ] & ( f f «mask) ) indata [7:0] 
When mask is set to 0 x 8 or greater, the output data 
will equal the input data. This mode is used to output 
words in non-DATA Tokens. With mask set to 0, out_data[7 :0 l 
will be the Token field of the Microinstruction word. This 
mode is used for outputting Token headers that contain no 
data. When Token headers- do contain data, the number of 
data bits is given by the mask field. 

If External Extn(Ee) is set, out_extn=in_extn, 
otherwise 

out_extn=De.Bt and Eb are "don't care". 
B.2.3. 2.2 Data Token 

This mode is used for formatting DATA Tokens and has two 
functions dependent on a signal, f irst_coef f icient . At 
reset, first_coeff icient is set. When the first data 
coefficient arrives along with a Microinstruction word that 
has cmd set to l, out_data [ 16 : 2 ] is set to 0 x 1 and 
out_data[l: 0 ] takes the value of the Bt field in the 
Microinstruction word. This is the header of a DATA Token. 
When this word has been accepted, the coefficient that 
accompanied the command is loaded into a register, RL and 
first_coefficient takes the value of Eb. When the next 
coefficient arrives, out_data [ 16 : 0 ] takes the previous 
coefficient, stored in RL. RL and first_coeff icient are 
then updated. This ensures that when the end of the block 
is encountered and Eb is set, first_coeff icient is set, 
ready for the next DATA Token, i.e., 
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out.data [i« :2] . 0xl 

auc_dataU:0) * St[l:0J 
R2.fl6:0J - ia.<Jat«H«.. 0 ] 

> 

else 

{ 

RM16:0] . in_data[l6:0] 

) 

o«t_exta - -Eb 



B.2.3.3 Explanatory Discussion 

In accordance with the present invention, most of the 
instruction bits are supplied in the normal manner by the 
Parser State Machine. However, two of the fields are 
actually supplied by other circuitry. The "Bt» field 
mentioned above is connected directly to an output of the 
ALU block. This two bit field gives the current value of 
" CC " or " c °l°r component". Thus, when a DATA Token header 
is constructed, the lowest order two bits take the color 
component directly from the ALU counters. Secondly, the 
"Eb" bit is asserted in the Huffman decoder whenever and 
End-of-block symbols id decoded (or in the case of JPEG 
when one is assumed because the last coefficient in the 
block is coded) . 

The in_extn signal is derived in the Huffman Decoder. It 
only has meaning with respect to Tokens when the extension 
bit is supplied along with the Token word in the normal 
wa y . 
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B.2.4 The Parser State Machine 

The Parser State Machine of the present invention is 
actually a very simple piece of circuitry. The 
complication lies in the programming of the microcode ROM 
which is discussed in Section B.2.5. 

Essentially the machine consists of a register which 
holds the current address. This address is looked up in 
the microcode ROM to produce the microcode word. The 
address is also incremented in a simple incrementer and 
this incremented address is one of two possible addresses 
to be used for the next state. The other address is a 
field in the microcode ROM itself. Thus, each instruction 
is potentially a jump instruction and may jump to a 
location specified in the program. if the jump is not 
taken, control passes to the next location in the ROM. 

A series sixteen condition code bits are provided. Any 
one of these conditions may be selected (by a field in the 
microcode ROM) and, in addition, it may be inverted (again 
a bit in the microcode ROM) . The resulting signal selects 
between either the incremented address or the jump address 
in the microcode ROM. One of the conditions is hard-wired 
to evaluate as "False". if this condition is selected, no 



IS 



jump will occur. Alternatively, if this condition 
selected and then inverted, the jump is always taken; an 
25 unconditional jump. 
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Table B.2.9 Condition code Bits 



Bit No. 



Name 

userfDl 



10 



escnoticn 

Connec-.eo to a rearer =T ocrafff - a=le Sy Tg _ se , ... - 
me rr.,c:oorocessor .n^ace. They aitow - ser celr*:" 
concit.on codes :r,at car, :e (es , es wi:fl cv , r . M3 _ 
Two are defined to centre, non-star-are •Cce«j.5io« 
Pattern* process.rc for .«atnm.n:u 4 e!ocx and S tiocx 
macofciocK structures. 

These sits connect direct io me nufiman cecccer s 
Huffman Error register. 




B.2.4.1 Two wire Interface Control 

The two-wire interface control, in accordance with the 
invention, is a little unusual in this block. There is a 
two-w.re interface between the Parser State Machine and the 
Huffman Decoder. This is used to control the progress of 
commands. The Parser State Machine will wait until a given 
command has been accepted before it proceeds to read the 
next command from the ROM. in addii-i«« 

_ M - ■ aaaition, condition codes 

are fed back through a wire from the ALU. 

Each command has a bit in the microcode ROM that allows 
to specify that it should wait for feedback. If this 

rh!T;, th6n ""^ inStrUCtion ha. been accepted by 

Huffman Decoder, no new commands are presented until 
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the feedback wire from the ALU becomes asserted. This 
wire, fb_valid, indicates that the condition codes 
currently being supplied by the ALU are valid in the sense 
that they reflect the data associated with the command that 
requested the wait for feedback. 

The intended use of the feature, in accordance with the 
present invention, is in constructing conditional jump 
commands that decide the next state to jump to as a result 
of decoding (or processing) a particular piece of data. 
Without this facility it would be impossible to test any 
conditions depending upon data in the pipeline since the 
two-wire control means that the time at which a certain 
command reaches a given processing block (i.e., the ALU in 
this case) is uncertain. 

Not all instructions are passed to the Huffman Decoder. 
Some instructions may be executed without the need for the 
data pipeline. These tend to be jump instructions. A bit 
in the microcode ROM selects whether or not the instruction 
will be presented to the Huffman Decoder. If not, there is 
20 no requirement that the Huffman Decoder accept the 
instruction and, therefore, execution can continue in these 
circumstances even if the pipeline is stalled. 
B.2.4.2 Event Handling 

There are two event bits located in the Parser State 
25 Machine. One is referred to as the Huffman event and the 
other is referred to as the Parser Event. 

The Parser Event is the simplest of these. The 
"condition" being monitored by this event is simply a bit 
in the microcode ROM. Thus, an instruction may cause a 
30 Parser Event by setting this bit. Typically, the 
instruction that does this will write an appropriate 
constant into the rom_control register so that the 
interrupt service routine can determine the cause of the 
interrupt . 

3 5 After servicing a Parser Event (or immediately if the 

event is masked out) control resumes at the point where it 
left off. if the instruction that caused the event has a 
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jump instruction (whose condition evaluates true) then the 
jump is taken in the normal manner'. Hence, it is possible 
to jump to an error handler after servicing by coding the 
j ump . 

A Huffman event is rather different. The condition being 
monitored is the "OR" of the three Huffman Error bits. in 
reality, this condition is handled in a very similar manner 
to the Parser Event. However, an additional wire from the 
Huffman Decoder, huffintrpt, is asserted whenever an error 
occurs. This causes control to jump to an error handler in 
the microcode program. 

When a Huffman error occurs, therefore, the sequence 
involves generating interrupt and stopping the block. 
After servicing, control is transferred to the error 
15 handler. There is no "call" mechanism and unlike a normal 
interrupt, it is not possible to return to the point in the 
microcode before the error occurred following error 
handling. 

It is possible for huffintrpt to be asserted without a 
2 0 Huffman error being generated. This occurs in the special 
case of a "no-error" error as discussed in Section B.2.2.3. 
In this case, no interrupt (to the microprocessor 
interface) is generated, but control is still passed to the 
error handler (in the microcode). since the Huffman error 
register will be clear in this case, the microcode error 
handler can determine that this is the situation and 
respond accordingly. 
B.2.4.3 special locations 

There are several special locations in the microcode ROM. 
The first four locations in the ROM are entry points to the 
nain program. Control passes to one of these four 
locations on reset. The location jumped to depends upon 
the coding standard selected in the ALU register, 
coding_std. since this location is itself reset to zero by 
3 5 a true reset control passes to location zero. However, it 
is possible to reset the Parser State Machine alone by 
using the UPI register bit CED_H_TRACE_RST in CED H TRACE. 
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In this case, the coding_std register is not reset and 
control passes to the appropriate one of the first four 
locations. 

The second four locations (0 x 004 to 0 x 007) are used 
when a Huffman interrupt takes place. Typically, a jump to 
the actual error handler is placed in each of these 
locations. Again, the choice of location is made as a 
result of the coding standard. 
B.2.4.4 Tracing 

As a diagnostic aid, a trace mechanism is implemented. 
This allows the microcode to be single-stepped. The bits 
CED_H_TRACE_ EVENT and CED_H_TRACE_MASK in the register 
CED_H_TRACE control this. As their names suggest/ 
operate in a very similar fashion to the normal event bits 
However, because of several differences (in particular no 
LPI interrupt is ever generated) they are not grouped with 
the other event bits. 

The tracing mechanism is turned on when CED_H_TRACE MASK 
is set to one. After each microcode instruction is'read 
from the ROM, but before it is presented to the Huffman 
Decoder, a trace event occurs. In this casS/ 

CED_H_TRACE_EVENT becomes one. it must be polled because 
no interrupt will be generated. The entire microcode word 
is available in the registers CED_H_KEY DMX WORD 0 through 

CED H KEY DMX WORD 9. The incf ri] ^^ ~ 

- - ^ u - v - ine instruction can be modified at 

this time if required. Writing a one to CED_H_TRACE EVENT 
causes the instruction to be executed and Clears 
CED_H_TRACE_EVENT. Shortly after this time, when the next 
microcode word to be executed has been read from the ROM, 
a new trace event will occur. 
B.2.5 The Microcode 

The microcode is programmed using an assembler »hpp» 
which is a very simple tool and much of the abstraction is 
achieved by using a macro preprocessor. a standard « C " 
preprocessor »cpp» may be used for this purpose. 
The code is instructed as follows: 

Ucode.u is the main file. First thie o 

bt ' this includes tokens. h 
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to define the tokens. Next, regfile.h defines the ALU 
register "map. The fields. u defines the various fields in 
the microcode word, giving a list of defined symbols for 
each possible bit pattern in the field. Next, the labels 
5 that are used in the code are defined. After this step, 
instr.u is included to define a large number of "cpp" 
macros which define the basic instructions. Then, errors. h 
defines the numbers which define the Parser events. Next, 
unword.u defines the order in which the fields are placed 
10 to build the microcode word. 

The remainder of ucode.u is the microcode program itself. 
B.2.5.1 The Instructions 

In this section the various instructions defined in 
ucode.u are described. Not all instructions are described 
15 here since in many cases they are small variations on a 
theme (particularly the ALU instructions) . 
B . 2 . S . l . l — Huffman and in dex to Data instructions 

In the invention, the H_NOP instruction is used by the 
Huffman Decoder. It is the No-operation instruction. The 
Huffman does nothing in the sense that no data is decoded. 
The data produced by this instruction is always zero. 
Accordingly, the associated instruction is passed onto the 
ALU. 

The next instructions are the Token groups; H_TOKSRCH, 
H_TOKSKIP_PAD, H_TOKSKIP_JPAD , H_TOKPASS and H_TOKREAD .' 
These all read a token or tokens from the Input Shifter and 
pass them onto the rest of the machine. H_TOKREAD reads a 
single token word. H_TOKPASS can be used to read an entire 
token, up to and including, the word with a zero extn bit. 
The associated command is repeated for each word of the 
Token. H_TOKSRCH discards all serial data preceding a. 
Token and then reads one token word. H_TOKSKIP_PAD skips 
any padding bits (H.261 and MPEG) and then reads~one Token 
word. H_TOKSKIP_JPAD does the same thing for JPEG padding. 
H_FLC(NB) reads a fixed length code of "NB" bits. 
H_VLC(TBL) reads a vie using the indicated table (passed 
as mnemonic, e.g., H_VLC ( tcoef f ) ) . 
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H_FLC_IE(NB) is like H_FLC , but the "ignore errors" bit 
is set. 

H_TEST_VLC (TBL) is like H_VLC, but the bypass bit is set 
so that the Huffman Index is passed through the Index to 
Data Unit unmodified. 

H_FWD_R and H_BWD_R read a FLC of the size indicated by 
the ALU registers r_fwd_r_size and r_bwd_r_size , 
respectively. 

H_DCJ reads JPEG style DC coefficients, the table number 
from the ALU. 

H_DCH reads a H.261 DC term. 

H_TCOEFF and H_DCTCOEFF read transform coefficients. In 
H_DCTCOEFF, the first coeff bit is set and is for non-intra 
blocks, whilst H_TCOEFF is for intra blocks after the DC 
term has already been read. 

H_NOMINATE (TBL) nominates a table for subsequent 
download . 

H_DNL ( NB) reads NB bits and downloads them into the 
nominated table. 
B. 2.5 . 1.2 ALU Instructions 

There really are too many ALU instructions to explain 
them all in detail. The basic way in which the Mnemonics 
are constructed is discussed and this should make the 
instructions readable. Furthermore, these should readily 
be understandable to one of ordinary skill in the art. 

Most of the ALU instructions are concerned with moving 
data from place to place and, therefore, a generic "load" 
instruction is used. In the Mnemonic, A_LDxy, it is 
understood that the contents of y are loaded into x. , i.e., 
the destination is listed first and the source second: 
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le B.2.10 Letters used to denote possible 
sources and destinations of data 



Letter j Mear.:rg 


A 


A register 


R 


Run reg:s;er j 


1 


Oata input j 


0 


Data Outout 


F 


ALU register File 


C 


Constant 


z 


Constant of zero 
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By way of example, LDAI loads the A register with the 
data from the data input port of the ALU. if the ALU 
register file is specified, the mnemonic will take an 
address so that LDAF(RA) loads A with the contents of 
location RA in the register file. 

The ALU has the ability to modify data as it is moved 
from source to destination. in this case, the arithmetic 
is indicated as part of the source data. Accordingly, the 
Mnemonic LDA_AADDF (RA) loads A with the existing contents 
of the A register plus the contents of the indicated 
location in the register file. Another example is 
LDA_ISGXR, which takes the input data, sign extends from 
15 the bit indicated in the RUN register, and stores the 
result in the A register. 

In many cases, more than one destination for the same 
result is specified. Again, by way of example, 

LDF_LDA_ASUBC(RA) which loads the result of A minus a 
2 0 constant into both the A register and the register file. 

Other mnemonics exist for specific actions. For example, 
"CLRA" is used for clearing the A register, "RMBC" to reset 



the macroblock counter. These are fairly obvious and are 
described in comments in instr.u'. ' 

One anomaly is the use of a suffix "_0» to indicate that 
the result of the operation is output to the Token 
formatter in addition to the normal action. Thus 
L0FI_O(RA) stores the input data and also passes it to the 
token formatter. Alternatively, this could have been 
LDF_LDO_l(RA) if desired. 
B.2.S.1.3 Token Formatter Instructions 

This is the T_NOP "No-operation" instruction. This is 
really a misnomer as it is impossible to construct a no- 
operation instruction. However, this is used whenever the 
instruction is of no consequence because the ALU does not 
output to the Token Formatter. 
T-TOK output a Token word. 

T_DAT output a DATA Token word (used only with the 
Huffman State Machine instructions) . 

T-GENT8 generates a token word based on the 8 bits of 
constant field. 

T_GENT8E like T_GENT8 , but the extension bit is one. 

T_OPD(NB) NB bits of data from the bottom NB bits of the 
output with the remainder of the bits coming from the 
constant field. 

T_OPDE (NB) like T_OPD, but the extension bit is high. 

T_OPD8 short-hand for T_0PD(8) 

T_0PD8E short-hand for T_0PDE(8) 
B. 2. 5. 1.4 Parser State Ma chine Instructions 

This instruction, D_NOP No-operation, i.e., the address 
increments as normal and the Parser State Machine does 
nothing special. The Remainder of the instruction is 
passed to the data pipeline. No waiting occurs. 

D_WAIT is like D_NOP, but waits for feedback to occur. 

The simple jump group. Mnemonics like D_JMP (ADDR) and 
D_JNX ( ADDR) jump if the condition is met. The instruction 
is not output to the Huffman Decoder. 

The external jump group. Mnemonics like D_XJMP (ADDR) and 
D_XJNX(ADDR) . these are like their simple counterparts 
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above but: the instruction is Qutput to ^ Hu 
Decoder. * 

The jump and wait group. Mnemonics like D_WJNZ(ADDR) 
These instructions are output to the Huffman Decoder and 
the Parser waits for feedback from the ALU before 
evaluating the condition. 

The following Mnemonics are used for the conditions 
themselves. 

Table B.2.11 Mnemonics used for the conditions 
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D_EVENT causes generation of an event. 

D_DFLT*for construction of a default instruction. This 
causes an event and then jumps to a location with the label 
"dflt" . This instruction should never be executed since 
they are used to fill a ROM so that a jump to an unused 
location is trapped. 

D_ERROR causes an event and then jumps to a label 
"srch_dispatch" which is assumed to attempt recovery from 
the error. 
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SECTION B.3 HUFFMAN DECODER ALU 
B . 3 . 1 Introduction 

The Huffman Decoder ALU sub-block, in accordance with the 
present invention, provides general arithmetic and logical 
5 functionality for the Huffman Decoder block. It has the 
ability to do add and subtract operations, various types of 
sign-extend operations, and formatting of the input data 
into run-sign-level triples. It also has a flexible 
structure whose precise operation and configuration are 

10 specified by a microinstruction word which arrives at the 
ALU synchronously with the input data, i.e., under the 
control of the two-wire interface. 

In addition to the 36-bit instruction and 12-bit data 
input ports, the ALU has a 6-bit run port, and an 8 -bit 

15 constant port (which actually resides on the token bus) . 
All of these, with the exception of the microinstruction 
word, drive buses of their respective widths through the 
ALU datapath. There is a single bit within the 

microinstruction word which represents an extension bit and 

20 is output together with the 17-bit-run-sign-level 
(out_data) . There is a two-wire interface at each end of 
the ALU datapath, and a set of condition codes which are 
output together with their own valid signal, cc_valid. 
There is a register file which is accessible to other 

25 Huffman Decoder sub-blocks via the ALU, and also to the 
microprocessor interface. 
B.3 .2 .2 Basic Structure 

The basic structure of the Huffman ALU is as shown in 
Figure 126. It comprises the following components: 

30 Input block 4 00 

Output block 401 
Condition Codes block 4 02 

"A M register 403 with source multiplexing 
Run register (6 bits) 4 04 with source multiplexing 
35 Adder/ Subtr actor 405 with source multiplexing 

Sign Extend logic 4 06 with source multiplexing 
Register file 407 
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Each of these blocks (except the output block) drives its 
output onto a bus running through the datapath, and these 
buses are, in turn, used as inputs to the multiplexing for 
block sources. For example, the adder output has it own 
datapath bus which is one of the possible inputs to the A 
register. Likewise, the A register has its own bus which 
forms one of the possible inputs to the adder. Only a sub- 
set of all possibilities exist in this respect, as 
specified in Section 7 on the microinstruction word. 

In a single cycle, it is possible to execute either an 
add-based instruction or a sign-extend-based instruction. 
Furthermore, it is allowable to execute both of these in a 
single cycle provided that their operation is strictly 
parallel. In other words, add then sign extend or sign 
15 extend then add sequences are not allowed. The register 
file nay be either read from or written to in a single 
cycle, but not both. 

The output data has three fields: 

• run - 6 bits 
20 • sign - l bit 

• level - 10 bits 

If data is to be passed straight through the ALU, the 
least significant 11 bits of the input data register are 
latched into the sign and level fields. 

It is possible to program limited multi-cycle operations 
of the ALU. In this regard, the number of cycles required 
is given by the contents of the register file location 
whose address is specified in the microinstruction, and the 
same operation is performed repeatedly while an iteration 
counter decrements to one. This facility is typically used 
to effect left shifts, using the adder to add the A 
register to itself and to store the result back in the A 
register. 

B.3.3 The Adder/ Sutotrac tor Sub-Block 

35 This is a 12-bit wide adder, with optional invert on its 

input2 and optional setting of the carry-in bit. Output is 
a .12 bit sum, and carry-out is not used. There are 7 modes 
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of operation: 

ADD: \dd with carry in set to- zero: inputi + input2 
ADC: add with carry in set to one: inputi + input2+l 
SBC: invert input2 , carry in set to zero: inputi - 
input2 - l 

SUB: invert input2 , carry in set to one: inputi - 
input2 

TCI: if input2<0, use SUB, else use ADD. This is 
used with inputi set to zero for obtaining a magnitude 
value from a two's compliment value. 

DCD (DC difference) : if input2<0 do ADC, otherwise do 
ADD. 

VRA (vector residual add) : if inputKO do ADC, 
otherwise do SBC. 
B.3.4 The Sign Extend Sub-Block 

This is a 12-bit unit which sign extends, in various 
modes, the input data from the size input. Size is a 4 bit 
value ranging from 0 to 11 (0 relates to the least 
significant bit, 11 to the most significant). Output is a 
12 bit modified data value, and the "sign" bit. 

In SGXMODE=NORMAL, all bits above (and including) the 
size-th bit, take the value of the size-th bit. All those 
below remain unchanged.- sign takes the value of the size- 
th bit. For example: 

data = 1010 1010 1010 

size = 2 

output = 0000 0000 0010, sign=0 

in SGXMOD=INVERSE, all bits above (and including) the 
size-th bit, take the inverse of the size-th bit, while all 
those below remain unchanged. sign takes the inverse of 
the size-th bit. For example: 

data = 1010 1010 1010 

size = o 

output = mi im X111< sign = 1 

In SGXMODE=DIFMAG , if the size-th bit is zero, all the 
bits below (and including) the size-th bit are inverted, 
while all those above remain unchanged. If the size-th bit 
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is one, all bits remain unchanged. In both cases, sign 
takes the inverse of the size-th bit. This is used for 
obtaining the magnitude of AC difference values. For 
example : 

data = 0000 1010 1010 
size = 2 

output = 0000 1010 1101, sign = 1 

data = 0000 1010 1010 
size = l 

output = 0000 1010 1010, sign = 0 
In SGXMODE=DIFCOMP, all bits above (but not including) 
the size-th bit, take the inverse of the size-th bit, while 
all those below (and including) remain unchanged. Sign 
takes the inverse of the size-th bit. This is used for 
15 obtaining two's compliment values for DC difference values. 
For example: 

data = 1010 1010 1010 
size = 0 

output = lm mi mo, sign = 1 
2 0 B.3.S Condition Codes 

There are two bytes (16 bits) of condition codes used by 
the Huffman block, certain bits of which are generated by 
the ALU/register file. These are the Sign condition code, 
the Zero condition code, the Extension condition code and 
2 5 a Change Detect bit. The last two of these codes are not 
really condition codes since they are not used by the 
Parser in the same way as the others. 

The Sign, Zero and Extension condition codes are updated 
when the Parser issues an instruction to do so, and for 
each of these instructions the condition code valid signal 
is pulsed high once. 

The sign condition code is simply the sign extend sign 
output latched, while the Zero condition code is set to 1 
if the input to the A register is zero. The Extension 
condition code is the input extension bit latched 
regardless of OUTSRC. 
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Condition codes may be used to evaluate certain condition 
types: 

•result equals, constant - use subtract and Zero 
condition 

• result equals register value - use subtract and 
Zero condition 

■register equals constant - use subtract and Zero 
condition 

•register bit set - use sign extend and Sign condition 

• result bit set - use sign extend and sign condition 
Note that when using the sign extend and Sign condition 

code combination, it is possible only to evaluate a single 
specified bit, rather than multiple bits as would be the 
case with a conventional logical AND. 

The Change Detect bit, in the present invention, is 
generated using the same logic as for the Zero condition 
code, but it does not have an associated valid signal. A 
bit in the microinstruction indicates that the Change 
Detect bit should be updated if the value currently being 
written to the register file is different from that already 
present (meaning that two clock cycles are necessary, first 
with REG-MODE set to READ and second with REGMODE set to 
WRITE) . A microprocessor interrupt can then be initiated 
if a changed value is detected. The Change Detect bit is 
reset by activating Change Detect in the normal way, but 
with REGMODE set to READ. 

The hardwired macroblock counter structure (which forms 
part of the register file- see below) also generates 
condition codes as follows: Mb_Start, Pattern_Code, Restart 
and Pic_Start. 
B.3.6 The Register File 

The address map for the register file is shown below. It 
uses a 7-bit address space, which is common to both the ALL" 
datapath and the UPI. a number of locations are not 
accessed by the ALU, these typically being counters in the 
hardwired macroblock structure, and registers within the 
ALU itself. The latter have dedicated access, but forrr. 
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part of the address map for the UPI . Some multi-byte 
locations (denoted in the table by "0" for oversize) have 
a single ALU address, but multiple UPI addresses. 
Similarly, groups of registers which are indexed by the 
component count, CC (Indicated by I" in the table) are 
treated as a single location by the ALU. This eases 
microprogramming for initialization and resetting, and also 
for block-level operations. 

All of the locations, except the dedicated ALU registers 
(UPI read only) , are read/write, and all of the counters 
are reset to zero by a bit in the instruction word. The 
pattern code register has a right shift capability, its 
least significant bit forming the Pattern_Code condition 
bit. All registers in the hardwired macroblock structure 
are denoted in the table by "M M , and those which are also 
counters (n-bit) are annotated with Cn . 

In the present invention, certain locations have their 
contents hardwired to other parts of the Huffman sub- 
system-coding standard, two r-size locations, and a single 
location (2-bit word) for each of ac huff table and dc huff 
table to the Huffman Decoder. 

Addresses in bold indicate that locations are accessible 
by both the ALU and the UPI, otherwise they have UPI access 
only. Groups of registers that are undirected through CC 
by the ALU can have a single ALU address specified in the 
instruction word and CC will select which physical location 
in the group to access. The ALU address may be that of any 
of the registers in the group, though conventionally, the 
address of the first should be used. This is also the case 
for multi-byte locations which should be accessed using the 
lowest address of the pair, although in practice, either 
address will suffice. Note that locations 2E and 2F are 
accessible in the top-level address map (denoted H T"), 
i.e., not only through the keyhole registers. These two 
locations are also reset to zero. 

The register file is physically partitioned into four 
"banks" to improve access speed, but this does not affect 
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the addressing in any way. The main table shows 
allocations for MPEG, and the two repeated sections give 
the variations for JPEG and H.261 respectively. 
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Table B.3.1 Table 1: Huffman Register File Address Map 
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Table b.3.1 Table i: Huffman Register Pile Address 
JPEG Variations: 
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IE 


broken closed 






IF 
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vbv delay 0 






22 


pending frame ch 






23 
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Table B.3.2 JPEG Variations 
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first scan 






2D 


in picture 






2E 


rom control 






2F 


rom revision 





Table B.3.2 JPEG Variations 



H.261 Variations 
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2C 


first group 






2D 


in picture 






2E 


rom control 






2F 


rom revision 



Table B.3.3 H.261 Variations 

B.3.7 The Microinstruction word 

The ALU microinstruction word, in accordance with the 
present invention, is split into a number of fields, each 
5 controlling a different aspect of the structure described 
above. The total number of bits used in the instruction 
word is 36, (plus l for the extension bit input) and a 
minimum of encoding across fields has been adopted so that 
maximum flexibility of hardware configuration is 
10 maintained. The instruction word is partitioned as 
detailed below. The default field values, that is, those 
which do not alter the state of the ALU or register file, 
are those given in the italics. 
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Field 


Value 


Description 


| Bits 


OUTSRC 


RSA6 


run, sign, A register as 6 bits 


(COCO 


(specifies 


ZZA 


zero, zero, A register 


|000i 


sources for 


ZZA8 


zero, zero. A register Is 8 bits 


\0010 


run. sign and 


Z2ADDU4 


zero. zero, adder o/p ms 4 bits 


001 i 


level output) 


ZINPUT 


zero, input data 


jOiCO } 


| RSSGX 


run, sign, sign extend o/p 


/ oi i : i 




RSADD 


run, sign, adder o/p 


| 1000 




RZADD 


run, zero, adder o/p 


1001 




RIZADD 


input run, zero, adder output | 




ZSADD 


zero, sign, adder o/p 


( iOiO 




ZZADD 


zero, zero, adder o/p 


1011 




NONE 


no valid output - out_valid set to zero 


j 11 XX 


RJEGADDR 


00-7F 


register file address for ALU access 


7 bits 


REGSRC 


ADD 


drive adder o/p onto register file i/p 


0 ! 




SGX 


drive sign extend o/p onto register file i/p 


i I 


REG MODE 


READ 


read from register file 


o i 




WRITE | 


write to register file 


i 


CNGDET 


TEST 


update change detect if REGMODE is 
WRITE 


0 


i. change 


HOLD 


do not update change detect bit j 


1 i 


cecect) 


CLEAR 


reset change detect if REGMODE is READ 





Table B.3.4 Table 2: Huffman ALU 
microinstruction fields 
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invert lower bits if sign bit is 0 




ADDSRC1 



ADC if input 1<Q, else SBC-vec resid add 



drive A register onto adder input 1 



110 



00 



(source for 



REG 



drive register file o/p onto adder i/'pl 



01 



adder i/p 1 - 



INPUT 
ZERO 



drive input data onto adder input 1 



10 



non-invert) 
ADDSRC2 



drive zero onto adder input 1 



CONST 



drive constant i/p onto adder input2 



00 



(source- for 



drive A register onto adder input2 



01 



inverting 
input) 



INPUT 
REG 



drive input data onto adder input2 



10 



drive register file o/p onto adder i/p2 



CNDC- 
MODE 



TEST 



update condition codes 



Table B.3.4 Table 2: Huffman ALU microinstruction fields 
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(cond. codes) 


HOLD 


do not update condition codes 


I 


CNTMODE 


NOCOUNT 


do not increment counters 


XOO 


(mbstructure 


BCINCR 


increment block counter and ripple 


001 


count mode) 


CCINCR 


force the component count to incr 


010 




RESET 


reset all counters in mb structure 


Oil 




DISABLE 


disable all counters 


1XX 


INSTMODE 


MULTI 


iterate current instr multi times 


0 




SINGLE 


single cycle instruction only 


1 



e B.3.4 Table 2: Huffman ALU microinstruction fields 
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SECTION B.4 Buffer Manager 
B.4.1 Introduction 

This document describes the purpose, actions and 
implementation of the Buffer Manager, in accordance with 
the present invention (bman) . 
B.4.2 Overview 

The buffer manager provides four addresses for the DRAM 
interface. These addresses are page addresses in the DRAM. 
The DRAM interface maintains two FIFOs in the DRAM, the 
Coded Data Buffer and the Token Data Buffer. Hence, for 
the four addresses, there is a read and a write address for 
each buffer. 
B.4. 3 Interfaces 

The Buffer Manager is connected only to the DRAM 
interface and to the microprocessor. The microprocessor 
need only be used for setting up the "Initialization 
registers" shown in Table B.4. 4. The interface with the 
DRAM interface is the four eighteen bit addresses 
controlled by a REQuest/ACKnowledge protocol for each 
address. (Since the Buffer Manager is not in the datapath, 
the Buffer Manager lacks a two-wire interface.) 

Furthermore, the Buffer Manager operates off the DRAM 
interface clock generator and on the DRAM interface scan 
chain. 

B.4 .4 Address Calculation 

The read and write addresses for each buffer are 
generated from 9 eighteen bit registers 

Initialization registers (RW from microprocessor) 

7 BASECB - base address of coded data buffer 

• LENGTHCB - maximum size (in pages of coded data 

buffer 

* BASETB - base address of token data buffer 
LENGTHTB - maximum size (in pages) of token data 
buffer 

•LIMIT - size (in pages) of the DRAM. 

Dynamic registers (RO from microprocessor) 

•READCB - coded data buffer read pointer relative to 
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BASECB 

• NUMBERCB - coded data buffer write pointer relative 
to READCB 

• READTB - token data buffer read pointer relative to 
5 BASETB 

• NUMBERTB - token data buffer write pointer relative 
to READTB 

To calculate addresses :- 
readaddr = (BASE + READ) mod LIMIT 
10 writeaddr = ( ( (READ + NUMBER) mod LENGTH) + BASE) mod 

LIMIT 

The "mod LIMIT" term is used because a buffer may wrap 
around DRAM. 

B.4.5 Block Description 

15 In the present invention, and as shown in Figure 127, the 

Buffer Manager is composed of three top level modules 
connected in a ring which snooper monitors the DRAM 
interface connection. The modules are bmpirtise (prioritize) , 
bainstr (instruction), and birectlc (recalculate) are arranged 

2 0 in a ring of that order and oatnoop (snoopers) is arranged 
on the address outputs. The module, Bmprtize, deals with the 
REQ/ACK protocol, the FULL/EMPTY flags for the buffers and 
it maintains the state of each address, i.e., "is it a 
valid address?". From this information, it dictates to 

2 5 bainttr which (if any) address should be recalculated. It 

also operates the BUF_CSR (status) microprocessor register, 
showing FULL/EMPTY flags, and the buf_access microprocessor 
register, controlling microprocessor write access to the 
buffer manager registers. 
30 The module, Baimtr, on being told by bmprtize to calculate 

an address, issues six instructions (one every two cycles) 
to control barecaic to calculating an address. 

The module, Barecalc, recalculates the addresses under the 
instruction of tminstr. Running an instruction every two 

3 5 cycles, it contains all of the initialization and dynamic 

registers, and a simple ALU capable of addition, 
subtraction and modulus. It informs sbmprtiae of FULL/ EMPTY 



states it detects and when it has finished calculating an 
address. 

B.4.6 Block Implementation 
B.4.6.1 Bmprtize 

At reset, the buf_access microprocessor register is set 
to one to allow the setting up of the initialization 
registers. While buf_access reads back one, no address 
calculations are initiated because they are meaningless 
without valid initialization registers. 

Once buf_access is de-asserted (write zero to it) bmprtize 
goes about making all the addresses valid (by recalculating 
them) since its purpose is to keep all four addresses 
valid. At this stage, the Buffer Manager is "starting up" 
(i.e., all addresses have not yet been calculated), thus, 
no requests are asserted. Once all addresses have become 
valid start-up ends and all requests are asserted. From 
this point forward, when an address becomes invalid 
(because it has been used and acknowledged) it will be 
recalculated. 

No prioritizing between addresses will ever need to be 
performed, because the DRAM interface can, at its fastest, 
use an address every seventeen cycles, while the Buffer 
Manager can recalculate an address every twelve cycles. 
Therefore, only one address will ever be invalid at one 
time after start-up. Accordingly, bmprtiz. will recalculate 
any invalid address that is not currently being calculated. 

In the invention, start-up will be re-entered whenever 
buf_access is asserted and, therefore, no addresses will be 
supplied to the DRAM interface during microprocessor 
accesses. 
B.4.6. 2 Bminstr 

The module, Bminstr, contains a MOD 12 cycle counter (the 
number of cycle it takes to generate an address). Note 
that even cycles start an instruction, whereas odd cycles 
end an instruction. The top 3 bits along with whether it 
is a read or a write calculation are decoded into 
instructions for bmrecalc as follows: 
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For read addresses: 



0-1 

2-3 



ado 

MOD 



READ 



6 ASS 



Accum 



LIMIT 



Address 



4-5 



ADD 



READ 



6-7 


| MOO 


Accum 


LENGTH 


1 — 1 
READ j j 


8-9 


SUB 


NUMBER 




NUMBER j 


10-11 


MOD 


*r 


Accum 




ScT_ EMPTY j 

1 

(NUMBER >= 0) 1 



Table B.4.1 Read address calculation 

For write addresses: 



Cycle 


i 

Operation 


SusA 


BusB 


Result 


Meaning cf j 
result's s*gn { 


0-1 ADD 


NUMBER 


READ 


i ! 


2 3 


MOD 


Accum LIMIT 


i i 


4-5 ADO 


Accum j BASE 


i i 


6-7 MOD 


Accum 


UMIT 


Address | | 


6-9 ADD 


NUMBER - 1* 


NUMBER | | 


10-11 


MOD 


Accum 


LENGTH 




SET_rULL | 

(NUMBER ! 

t 

>= 

i 

LENGTH) ! 



Table B.'4". 2 For write address calculati 
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Note : 



The result of the last operation is always held in 
the accumulator. 
When there is no addresses to be recalculated, the cycle 
counter ld les at zero, thus causing an instruction that 
writes to none of the registers. This has no affect. 
B.4.6.3 Bmrecalc 

The module, Bmrecalc, performs one operation every two 
clock cycles. it latches m the instruction from bfflinstr 
(and which buffer and io type) on an even counter cycle 
(start_alu_cyc), and latches the result of the operation on 
an odd counter cycle (end_alu_cyc) . The result of the 
operation is always stored in , the "Accum" register in 
addition to any registers specified by the instruction. 
Also, on end_alu_cyc, b.recalc informs ba>prti8e as to wnether 
the use of the address just calculated will make the buffer 
full or empty, and when the address and full/empty has been 
successfully calculated (load_addr). 

Full/empty are calculated using the sign bit of the 

operation ' s result . 

The modulus operation is not a true modulus, but A mod B 
is implemented as: 
( A>B? (A-B) : A) 

however this is only wrong when 
A>(2B-1) 

which will never occur. 
B . 4 . 6 . 4 Bmsnoop 

The nodule. is conposed of four el n b . t 

accessed with the clocks running to aliow on chip testing 
REQ , * " ternal DRAM - These -~«P-™ ,u.t wor* on a 

L the a SyS " n theref °"' ««.«nt to any other 

on the device. 

REQ/ACK is used on this interface, as opposed to a two- 

infor Pr ° tOCCl bSCaUSe ^ iS essent -l to transmit 
information (i.e., acknowledges) back to the sender which 

accept win not do). Hence, this rigorously monitors 
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the FIFO pointers. 
B.4.7 Registers 

To gain microprocessor write access to the initialization 
registers, a one should be written to buf_access, and 
access will be given when buf_access reads back one. 
Conversely, to give up microprocessor write access, zero 
should be written to buf_access. Access will be given when 
buf_access reads back zero. Note that buf_access is reset 
to one. 

The dynamic and initialization registers of the present 
invention may be read at any time, however, to ensure that 
the dynamic registers are not changing the microprocessor, 
write access must be gained. 

It is intended that the initialization registers be 
written to only once. Re-writing them may cause the 
buffers to operate incorrectly. However, it is envisioned 
to increase the buffer length on-the-fly and to have the 
buffer manager use the new length when appropriate. 

No check is ever made to see that the values in the 
initialization registers are sensible, e.g., that the 
buffers do not overlap. This is the user's responsibility. 
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"easier «Name 


j Usage 


Peeress j 


C=r_SUF_ACC£SS 


nocaxO 


0x24 


I 


CcD.3UF_KEYHOLE.A00R 


xxODODDO . 


0x25 j 


C E D.3UF.KEYHOLE 


00000000 


0x2$ j 


CcD_BUF.CB.WR.SNP_2 


uxxxxCD 


0x54 j 

i 


j CEr_3UF.C8_WR_SNP_1 


| DDDODSSD 


0x55 j 


{ CED_3UF_C3_WR.$NP_0 


J DCDDDDDD 


0x56 


! 


| CED_3UF_CB.RD_SNP.2 


xxxjocxOD 


0x57 j 


CED.3UF_CB_RD_SNP.1 


DDDDDDDD 


0x58 j 


| CED_3UF_CB_RO_$NP_0 


DDDDDDDD 


0x59 




CSD_3UF.TB_Wfl_SNP_2 


XXX9OCX00 


0x5a 




C ED_3UF_TB_WR.$NP_ 1 


DDDDDDDD 


0x5b 




CSD_3UF_7B_WR_SNP_0 


DDDDDDDD 


0x5c 




L.t'J.sUr,. i b_n U_SNP_2 


yxxjoocDD 


0x5d 




CED_BUF_TB_RD_SNP_1 


DDDDODDD 


0x5e 




CED.BUF.TB.RD.SNPJ) 


0D0ODODO 


0x5f 





Table B.4.3 Buffer manager non-keyhole registers 

Where D indicates a registers bit and x shows no register 
bit . 



Keynote Register Name 


Usage 


Key hole Address 


CE0_3UF_CB_BASE_3 




0x00 


C ED_BUF.CB.BAS E_2 


xaooocxOD 


0x01 


CED.BUF.CB.BASE.1 


00DOO0CD 


0x02 | 


C E O.BU F.CB.BASE.O 


DDDDDDDD 


0x03 


CEO.BU F.CB.LENGTH.3 




0x04 j 


CED_3UF_CB.UENGTH_2 


xjooocxDD 


0x05 | 


CE0.3UF.CB.UENGTH.1 


D0000DOO 


0x06 


CED.3UF.CB.UENGTH.0 


DDDDDDDD 


0x07 


CED.3UF.CB.READ.3 


XXXJOCXXX 


0x08 i 


CED.SUF.CB.REA0.2 


xxxxxxDD 


0x09 


CED.sUF.CB.REAO.t 


DDDDDDDD 


0x0a ! 


CED.3UF.CB.REAO.0 


OCDDDDDD 

i 


0x0b | 


CED.3UF.C8.NUMBER.3 


XXJT.XXXXX 


OxOc 



Table B.4.4 Registers in buffer manager keyhole 
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rvwy note 'CC>5i6> niorno 




K*#v **r»to A^*^ 


CED_BUF_C8_NUM8ER_2 


xxxxxxOD 


OrOd 


CeD_SUr_CB_NUMBER_1 


DDSDDDDD 


OxOe 


CcU.SU r^CB.NUMSsn.O 


DDSDODDD 


OxOf 


CSD_BUF_TB_BASE_3 


XXX XXX XX 


0x10 


CED.BUF.T8.BASE.2 


xxxxxxOD 


0x11 


CED.BUP.TB.3ASE.1 


DDDOCDDD 


0x12 


CED.BUF.TB.BASE.O 


ddddoodd 


0x13 


CED_BUF_T3_LENGTH_3 


xxxxxxxx 


0x14 ; 


CED_BUF_TB_LENGTH_2 


xxxxxxOD 


0x15 | 


CED.BUF_TB.LENGTH_1 




0x16 ! 


CED.BUF.TB.LENGTW.O 


DDDSDDDD 


0x17 j 


CEO_8UF.TB_READ_3 


xxxxxxxx 


0x18 j 


CED.BUF.TB.REA0.2 


xxxxxxCD 


0x19 i 


CED_BUF_TB_READ_1 


DDDODDDD 


0x!a i 


CEO.BUF.TB.REAO.O 


DOODDDDD 


0x1 b | 


CED.BUF.TB.NUMBER.3 


xxxxxxxx 


0x1 c 


CE0.BUF.TB.NUMBER.2 


xxxxxxOD 


0x1<2 | 


CE0_BUF_TB_NUMBER_1 


DDCDODDD 


0x1 e I 


CSO.BUF.TB.NUMBER.O 


DDDDDDDD 


0x1 f j 


CED.BUF.UMIT.3 


xxxxxxxx 


0x20 ! 


CED.BUF.LIMIT.2 


xxxxxxOD | 


0x21 ; 


CED_BUF_UMIT_1 


DDODDDDO 


0x22 | 


CED.BUF.LIMIT.O 


DDOODSDD 


0x23 


CED.BUF.CSR 


xxxxODDD 


0x24 | 



Table B.4.4 Registers in buffer manager keyhole 

B.4.8 Verification 

Verification was conducted in Lsim with small FIFO's onto 
a dummy DRAM interface, and in C-code as part of the top 
level chip simulation. 
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B.4.9 Testing 

Test coverage to the b..n is- through the snoopers in 
b».noo P , the dynamic registers (shown in B.4.4) and using the 
scan chain which is part of the DRAM interface scan chain. 



SECTION B.5 Inverse Modeler 

B.5.1 Introduction 

This document describes the purpose, actions and 
implementation of the Inverse Modeller (i-od.i) and the 
Token Formatter (hsppk) , in accordance with the present 
invention. 

Note: hsppk is a hierarchically part of the Huffman 
Decoder, but functionally part of the Inverse Modeller. It 
is, therefore, better discussed in this section. 
B.5.2 Overview 

The Token buffer, which is between the i«odei and hsppk, 
can contain a great deal of data, all in off-chip DRAM. To 
ensure that efficient use is made of this memory, the data 
must be in a 16 bit format. The Formatter "packs" the data 
from the Huffman Decoder into this format for the Token 
buffer. Subsequently, the Inverse Modeler "unpacks" data 
from the Token buffer format. 

However, the Inverse Modeller's main function is the 
expanding out of "run/level" codes into a run of zero data 
followed by a level. Additionally, the Inverse Modeller 
ensures that DATA tokens have at least 64 coefficients and 
it provides a "gate" for stopping streams which have not 
met their start-up criteria. 
B . 5 . 3 Interfaces 
B . 5 . 3 . 1 Hsppk 

In the present invention, Hsppk has the Huffman Decoder 
as input and the Token buffer as output. Both interfaces 
are of the two-wire type, the input being a 17 bit token 
port, the output being 16 bit "packed data", plus a FLUSH 
signal. m addition, Hsppk is clocked from the Huffman 
clock generator and, thus, connected to the Huffman scan 
chain . 

B.5. 3.2 Imodel 

imodei has the Token buffer start-up output gate logic 
(bsogi) as inputs and the Inverse Quantizer as output. 
Input from the Token buffer is 16 bit "packed data", plus 
block_end signal, from the bsogi is one wirestream_enable . 
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15 
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Output is an n bit token port . A11 interfaces 
controlled by the two-wire interface protocol. i mo del has 
its own clock generator and scan chain. 

Both blocks have microprocessor access only to the 
snoopers at their outputs. 
B.S.4 Block description 
B.S.4.1 Hsppk 

h.pp,c takes in the 17 bit data from the Huffman and 
outputs 16 bit data to the Token buffer. This is achieved 
by first, either truncating or splitting the input data 
into 12 bit words, and second by packing these words into 
a 16 bit format. 

B. 5. 4. 1.1 Sp1i»»-i^ 7 

Hsppk receives 17 bit data from the Inverse Huffman. 
This data is formatted into 12 bits using the following 

formats. ^ 

Where F = specifies format; E = extension bit; R = Run 
bit; L = length bit (in sign. mag.) or non-DATA token bit- 

x = don't care. 

2 0 FLLLLLLLLLLLFormat 0 

ELLLLLLLLLLLFormat 0a 
FRRRRrr ooooo Forma t l 

form°: rmal t0k6nS ^ ^ 12 bltS ' havin ^ the 

2 5 ExxxxxxLLLLLLLLLLL 

This is truncated to format Oa 

However, DATA tokens have a run and a level in each word in 
the form: 

ERRRRRRLLLLLLLLLLL . 

3 0 This is broken in to the formats: 

ERRRRRRLLLLLLLLLLL- > FRRRRRRo 0 0 0 0 For ma t 1 
ELLLLLLLLLLLFormat Oa 

Or if the run is zero format 0 is used: 
E 0 0 0 0 0 0 LLLLLLLLLLL- > FLLLLLLLLLLLForma t ' 0 

It can be seen that in the format o,the extension bit is 
lost and assumed to be one. Therefore, it cannot be used 

r. r Vt a _ . t _ 



where the extension is zero. m this case, format 



1 is 
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unconditionally used . 
B.S.4. 1.2 PacXinq 

After splitting, all data words are 12 bits wide. Every 
four 12 bit words are "packed" into three 16 bit words: 



Input woros 


Output woros 


3CO0CO000QC0 




lllilllllill 




22222:222222 


2222333333333333 


333333333333 
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Table B.S.I Packing method 

B. 5. 4. 1. 3 Flushing of the buffer 

The DRAM interface of the present invention collects a 
block, 32 sixteen bit "packed" words, before writing them 
to the buffer. This implies that data can get stuck in the 
DRAM interface at the end of a stream, if the block is only 
partially complete. Therefore a flushing mechanism is 
required. Accordingly, .H.ppk signals the DRAM interface to 
write it current partially complete block unconditionally. 
B.S.4.2.1 i,ub rUnPacker) 
15 Imup performs three functions: 

4) Unpacking data from its sixteen bit format into 12 
bit words. 



Input worcs 


Output words 


occoccooooooiii: 


000000000000 




minimi! 


2222333333333333 


222222222222 




333333333333 



Table B,5.2 Unpacking mathod 



5) Maintaining correct data during flushing of the 
Token buffer. 

When the DRAM interface flushes, by unconditionally 
writing the current partially complete block, rubbish data 
remains in the block. The imup must delete rubbish data, 
i.e., delete all data from a FLUSH token, until the end of 
a block, 

6)Holding back data until Start-up Criteria are met. 

Output of data from the block is conditional that a 
"valid" (stream_enable) is accepted from the Buffer Start- 
up for each different stream. Consequently, twelve bit 
data is output to hsppk. 

B . 5 . 4 . 2 . 2 Imex fEXpandeD 

In the invention, i.ex expands out all run length codes 
into runs of zeros followed by a level. 
B. 5.4.2 .3 Impad (PADder) 

imp ad ensures that all DATA Token bodies contain 64 (or 
more) words. It does this by padding the last word of the 
Token with zeros. DATA Tokens are not checked for having 
over 64 words in the body. 
B.5. 5 Block implementation 
B. 5.5.1 Hsppk 

Typically, both the Splitting and packing is done in a 
single cycle, 
B . S . 5 . 1 . 1 Splitting 

First, the format must be determined 
IF (datatoken) 

IF (lastformat == l) use format Oa; 
ELSE IF (run == 0) use format 0; 

ELSE use format 1; 
ELSE use format Oa; 
and format bit determined 
format 0 format bit - 0; 
format Oa format bit = extension bit; 
format 1 format bit = 1; 

If format 1 is used, no new data should be accepted in 
the next cycle because the level of the code has yet to be 
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output . 

B.S.S .1.2 Packing 

The packing procedure cycles every four valid data 
inputs. The sixteen bit word output is formed from the 
last valid word, which is held, and the succeeding word. 
If this is not valid, then the output is not valid. The 
procedure is: 




Table B.5.3 Packing procedure 



10 



15 



20 



Where x indicates undefined bits. 

During valid cycle 0, no word is output because it is not 
valid . 

The valid cycle number is maintained by a ring counter. 
It is incremented by valid data from the splitter and an 
accepted output. 

When a FLUSH (or picture_end) token is received and the 
token itself is ready to output, a flush signal is also 
output to the DRAM interface to reset the valid cycle to 
zero. If a FLUSH token arrives on anything but cycle 3, 
the flush signal must be delayed a valid cycle to ensure 
the token itself it output. 
B.5.5.2 Imodel 
B5.S.2 .1 imup (Unpacker) 

As with the packer, the last valid input is stored, and 
combined with the next input, allows unpacking. 
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valid cycle 0 
j vaiic cycle t 



j Succeeding word 
j o c o c c o c : : c o o i ; 



Unpacked Wore i 



! vand cycle 2 
! vane cycie 3 



xxxxxxxxxxxxxxxx [ 0O0OOO00 0QC3 j ,n Du t 

i:::;:::222^2222 ( oocoocoooooonu I i . 

J * * * A j input 

222233 3^3333333 ) lli:;u UM , M „ I 222322222;;; T^TT 



22223 3 3 33 3 33 3 33 3 | 1 1 1 1 U22222222 | 3333333333,, l~ 



Table B.s.4 Unpacking procedure 

Where x indicates undefined bits 

The valid cycle is maintained by a ring counter. The 
unpacked data contains the token's data, flush and 
PICTURE.EMD decoded fro. it. Additionally, format and 
extension bit are decoded from the unpacked data. 
formatbit_is_extn = (lastformat == i) n databody 
format = databody && (formatbit && lastf ormatbit ) 
for token decoding and to be passed on to i.ex 
When a FLUSH (or P icture_end) token is unpacked and 
output to imex, all data is deleted- (Valid forced low) 
untxl the block end signal is received from the DRAM 
interface. 

B . 5 . 5 . 2 . 2 Imex /Ex pander) 

In accordance with the present invention, ia , e x is a four 
state machine to expand run/ level codes out. The state 
nachine is: 

stateO: load run count from run code. 

state i: decrement run count, outputting zeros. 

state 2: input data and output levels; default state. 

state 3: illegal state. 
B-S.5.2.3 'mn. p (PADder) 

impad is informed of DATA Token headers by i» e x. Next, it 
counts the number of coefficients in the body of the token 
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If the token ends before there are 64 coefficients, zero 
coefficients are inserted at the end of the token to 
complete it to 64 coefficients. For example, unextended 
data headers have 64 zero coefficients inserted after them. 
DATA tokens with 64 or more coefficients are not affected 

by imp ad . 
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B.5. 6 Registers 

The i.od.i and hs PP ,c of the present invention do not have 
microprocessor registers, with the exception of their 



snooper , 



Register Name 


Usage 


Address 


CE0.H.SNP.2 


VAjooouoc 


0x49 


CEDJ-LSNP.1 


DDD0DD0O 


0x4a 


CED.H.SNP.O 


ODDODOOD 


0x4b | 


CED_IM.SNP_1 


VAExxDDD 


0x4a 


CEDJM_SNP_0 


DDDDDDDO 


0x4d | 



Table B.5.5 



Imodel & hsppk registers 



10 



15 



Where V - valid bit; A = accept bit; E = extension bit; 
D = data bit. 

B.5.7 Verification 

Selected streams run through Lsim simulations. 
B.5.8 Testing 

Test coverage to the i^i at the input is through the 
Token buffer output snooper, and at the output through the 
model's own snooper. Logic is covered the i-odei's own scan 
chain. 

The output of the h. Ppk is accessible through the huf fman 
output snooper. The logic is visible through the huffman 
scan chain. 
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SECTION B.6 Buffer Start-up 
B.6.1 Introduction 

This section describes the method and implementation of 
the buffer start-up in accordance with the present 
invention. 
B . 6 . 2 Overview 

To ensure that a stream of pictures can be displayed 
smoothly and continuously a certain amount of data must be 
gathered before decoding can start. . This is called the 
start-up condition. The coding standard specifies a VBV 
delay which can be translated, approximately, into the 
amount of data needed to be gathered. It is the purpose of 
the "Buffer Start-up" to ensure that every stream fulfills 
its start-up condition before its data progresses from the 
token buffer, allowing decoding. It is held in the buffers 
by a notional gate (the output gate) at the output of the 
token buffer (i.e., in the Inverse Modeler). This gate 
will only be open for the stream once its start-up 
condition has been met. 
B.6. 3 Interfaces 

B.cntbit (Buffer Start-up bit counter) is in the datapath, 
and communicates by two-wire interfaces, and is connected 
to the microprocessor. It also branches with a two-wire 
interface to b.ogi (Buffer Start-up Output Gate Logic) . 
B.ogi via a two-wire interface controls i-u P (inverse Modeler 
UnPacker) , which implements the output gate. 
B.6. 4 Block Structure 

As shown in Figure 130, B.cntbit lies in the datapath 
between the Start Code Detector and the coded data buffer. 
This single cycle block counts the valid words of data 
leaving the block and compares this number with the start- 
up condition (or target) which will be loaded from the 
microprocessor. When the target is met, b.ogi is informed. 
Data is unaffected by b»cntbit. 

B.ogi lies between bscntbit and i»up (in the inverse 
modeler) . in effect, it is a queue of indicators that 
streams have met their targets. The queue is moved along 
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by streams leaving the buffers (i.e., FLUSH tokens received 
in the data stream at i» up ) , when ' another "indicator" is 
accepted by iau p. If the queue is empty (i.e., there are no 
streams in the buffers which have yet met their start-up 
target) the stream in i» up is stalled. 

The queue only has a finite depth, however, this may be 
indefinitely expanded by breaking the queue in b.ogi and 
allowing the microprocessor to monitor the queue. These 
queue mechanisms are referred to as internal and external 
queues respectively. 
B.6.5 Block Implementation 

B.6.5.1 Bsbitcnt (Buffer Start-up bit counter) 

ascntbit counts all the valid words that are input into 
the buffer start-up. The counter (b.ctr) is a programmable 
counter of 16-24 bits width". Moreover, b.ctr has carry look 
ahead circuitry to give it sufficient speed. B.ctr's width 
is programmed by ced_bs_prescale . it does this by forcing 
bits 8-16 high, which makes them always pass a carry. They 
are, therefore, effectively not used. Only the top eight 
bits of bsctr are used for comparisons with the target 
(ced_bs_target) , 

The comparison (ced_bs_count >=ced_bs_target ) is done by 

bscmp. 

The target is derived from the stream when the stream is 
in the Huffman Decoder and calculated by the 
microprocessor. it will, therefore, only be set sometime 
after the start of the stream. Before start-up, the 
target_valid is set low. Writing to ced_bs_target sets 
target_valid high and allows comparisons in bscmp to take 
place. When the comparison shows ced_bs_count >= 

ced_bs_target, target_valid is set low. The target has 
been met. 

When the target is met the count is reset. Note, it is 
not reset at the end of a stream. In addition, counting is 
disabled after the target is met if it is before the end of 
the stream. The count saturates to 255. 

When a stream * ends (i.e., a flush) is detected ir. 
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TT' ^ 3bS - flUSh - event is generated. If tne stream 
ends before the target is met, an additional event is also 
generated (bs_f lush.bef ore_target_met_event> . When any of 
these events occur, the block is stalled. This allows the 
user to recommence the search for the next stream's target 
or in the case of a bs_f lush_bef ore_target met event event 
either: ~ - 

1) write a target of zero which will force a target met 

or ~ 

2) note that target was not met and allow the next 
stream to proceed until this combined with the last 
stream reaches the target. The target for this next 
stream can should adjusted accordingly. 

B.6.5.2 BSOGL (buffer start-up output gate logic) 

As previously described, s.ogi is a queue of indicators 
that a stream has met its target. The queue type is set by 
ced_bs.queue ( internal (0) or external (1) ) . This is a reset 
to select an internal queue. The depth of the queue 
determines the maximum number of satisfied streams that can 
be in the coded data buffer, Huffman, and token buffer 
When this number is reached (i.e. the queue is full) hmogl 
will force the datapath to stall at bsbitcnt. 

Using an internal queue requires no action from the 
microprocessor. However, if it is necessary to increase 
the depth of the queue, an external queue can be set (by 
setting ced_bs_access to gain access to ced_bs_queue which 
should be set, target_met_event and stream_end_event 
enabled and access relinquished) . 

The external queue (a count maintained by the 
microprocessor) is inserted into the internal queue. The 
external queue is maintained by two events. 
target_met_event and stream_end_event . These can simply be 
referred to as service_queue_input and service_queue_output 
respectively] and a register ced_bs_enable_nxt_stream . In 
effect, target_met_event is the up stream end of the 
internal queue supplying the queue. Similarly, 
ced_bs_enable_nxt_stream is the down stream end of the 
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internal queue consuming th . sircilarlv 

str ""- eni -- t • «=o s UPPly the do „; « : i„ 

queue; strea„_end_event resets ced_bs_enable nxt streak 
The two events should be serviced as follows: " ~ 

/ ' ?ARGE7_MST__V_NT * / 

^ = -o_read(CED_3S_SNASLS_NXT_STVf) ; 
if (j « 0) /'is nexc scream enabled ?•/ 
w'r.o. enable it*/ 

Tj.cro_wrice(CSD_SS_£NABLE_NXT_STM. 1); 

princff enable nexc scream (queue = Ox%x)\ a -. fc=r.-.ex-->c-.e : - 

} 

else /-yes. increment che queue of -targ.c_m.c- screa-s-/ 

queue-*-*; 

prir.tfr stream already enabled (queue * 0x%x)\r.-. -cr.zexr- 
>queue)) ; 

} 

STREAM. EVENT •/ 
if (queue > 0) /-are there any -carcet.-ecs- left? 
{/•yes. decrement the queue and enable another strea- •/ 
queue--; 

mic -0-Wrice(CED.BS_ENABLE_.N'XT_S7M. 1); 

print* (• enable nexc stream (queue = 0x%x)\n-. ( ::,:ex: ->--eue 
) 

else 

Printfc queue empty cannot enable 
queue. ; \ SCre "' <SrUeue = e *«*) ^ . 

^«»-«ri 6 .(«O^VENT.l. 1 « 3S_ S -R_ AM __ > , D ^ . 

• / — * — * • ' - * w . ear svsr. t 
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The queue type can be changed from internal to external 
at any time (by the means described above) , but they can 
only be changed external to internal when the external 
queue is empty (from above »queue==0" ) , by setting 
ced_bs_access to gain access to ced_bs_queue which should 
be reset, target_met_event and stream_end_event masked, and 
access relinquished. 

On the other hand, disable checking of stream start-up 
conditions, set ced_bs_queue (external), mask 
target_met_event and stream_end_event and set 
ced_bs_enable_nxt_stream. in this way, all streams will 
always be enabled. 
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Microprocessor registers 



l 

1 Register name 


Usage 


Ac cress 


CED.BS.ACCESS 


| xxxjocxxD 


OxlO 


] CED.BS.PRESCALE' 


xxxxxDDO 


0x11 


! CED.BS.TARGET* 


ODDDODDO 


0x12 


! CED.BS.COUNT* 


DDOOOOOO 


0x13 


BS.FLUSM.EVENT 


rrrrrOrr 


0x02 | 


BS.FLUSH.MASK 


rrrrrOrr 


0x03 


BS_FLUSH_BEFORE.TARGE7.ME 


rrrrOrrr 


0x02 


T.EVEMT 






BS.FLUSH_3EFORE.TARGET.ME | 




0x03 


T.MASK j 




f 



Table B.6.1 Bscntbit registers 



Register name 


Usage 


Accress 


TARGET.MET.EVENT 


rrrOrrrr 


0x02 j 


TARGET.MET.MASK 


rrrOrrrr 


0x03 


STREAM.ENO.EVENT 


rrOrrrrr 


0x02 


| STREAM.END.MASK 




0x03 j 


Table B.6.2 B«ogi registers 


Register name 


Usage 


Address 


CED_BS_OUEUE' j 


xxxxxxxO 


0x14 


CED_BS_ENABLE.NXT.STM* | 


x xx xjc xx D 


0x15 



Tabl.3.6.2 b • og -registers 
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where 

" D is a register bit ' ' 

x is a non-existent register bit 
• r is a reserved register bit 

• to gain access to these reg . sters ced _ bs _ access must 
set to one and poi le d until it reads back one, unless in an 
interrupt service routine. Access is given up by setti 



ced_bs_access to zero. 



ng 



10 



15 



20 



25 
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SECTION B.7 The DRAM Interface 
B.7.1 Overview 

in the present invention, the Spatial Decoder, Temporal 
Decoder and Video Formatter each contain a dram interface 
block for that particular chip. In all three devices the 
function of the DRAM interface is to transfer data from the 
chip to the external DRAM and from the external DRAM into 
the chip via block addresses supplied by an address 
generator . 

The DRAM interface typically operates from a clock which 
is asynchronous to both the address generator and to the 
clocks of the various blocks through which data is passed. 
This asynchronism is readily managed, however, because the 
clocks are operating at approximately the same frequency. 

Data is usually transferred between the DRAM Interface 
and the rest of the chip in blocks of 64 bytes (the only 
exception being prediction data in the Temporal Decoder) . 
Transfers take place by means of a device known as a "swing 
buffer". This is essentially a pair of RAMs operated in a 
double-buffered configuration, with the DRAM interface 
filling or emptying one RAM while another part of the chip 
empties or fills the other RAM. A separate bus which 
carries an address from an address generator is associated 
with each swing buffer. 

Each of the chips has four swing buffers, but the 
function of these swing buffers is different in each case. 
In the Spatial Decoder, one swing buffer is used to 
transfer coded data to the DRAM, another to read coded data 
from the DRAM, the third to transfer tokenized data to the 
DRAM and the fourth to read tokenized data from the DRAM. 
In the Temporal Decoder, one swing buffer is used to write 
Intra or Predicted picture data to the DRAM, the second to 
read Intra or Predicted data from the DRAM and the other 
two to read forward and backward prediction data. In the 
Video Formatter, one swing buffer is used to transfer data 
to the DRAM and the other three are used to read data from 
the DRAM, one for each of Luminance (Y) and the Red and 



Blue color difference data (Cr and Cb, respectively) . 

The following section describes the operation of a DRAM 
interface in accordance with the present invention, which 
has one write swing buffer and one read swing buffer, which 
is essentially the same as the operation of the Spatial 
Decoder DRAM Interface. This is illustrated in Figure 131 
"DRAM Interface,". 
B.7.2 A Generic DRAM Interface 

Referring to Figure 131, the interfaces to the address 
generator 420 and to the blocks which supply and take the 
data are all two wire interfaces. The address generator 
420 may either generate addresses as the result of 
receiving control tokens, or it may merely generate a fixed 
sequence of addresses. The DRAM interface 421 treats the 
two wire interfaces associated with the address generator 
in a special way. Instead of keeping the accept line high 
when it is ready to receive an address, it waits for the 
address generator to supply a valid address, processes that 
address and then sets the accept line high for one clock 
period. Thus, it implements a request/acknowledge 

(REQ/ACK) protocol. 

A unique feature of the DRAM Interface is its ability to 
communicate with the address generator and the blocks which 
provide or accept the data completely independent of the 
other. For example, the address generator may generate an 
address associated with the data in the write swing buffer, 
but no action will be taken until the write swing buffer 
signals that there is a block of data which is ready to be 
written to the external DRAM 4 22. However, no action is 
taken until an address is supplied on the appropriate bus 
from the address generator. Further, once one of the RAMs 
in the write swing buffer has been filled with data, the 
other may be completely filled and "swung" to the DRAM 
Interface side before the data input is stalled (the two- 
wire interface accept signal set low) . 

In understanding the operation of the DRAM Interface of 
the present invention, it is important to note that in a 
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properly configured system the DRAM Interface will be able 
to transfer data between the swing buffers and the external 
DRAM at least as fast as the sum of all the average data 
rates between the swing buffers and the rest of the chip. 
5 Each DRAM Interface contains a method of determining 

which swing buffer it will service next. In general, this 
will be either a "round robin", in which the swing buffer 
which is serviced is the next available swing buffer which 
has less recently had a turn, or a priority encoder in 

10 which some swing buffers have a higher priority than 
others. In both cases, an additional request will come 
from a refresh request generator which has a higher 
priority than all the other requests. The refresh request 
is generated from a refresh counter which can be programmed 

15 via the microprocessor interface. 
B.7.2.1 The Swing Buffers 

Figure 13 2 illustrates a write swing buffer. The 
operation is as follows: 

1) Valid data is presented at the input 430 (data in). As 
each piece of data is accepted it is written into RAMI 
and the address is incremented. 

2) When RAMI is full, the input side gives up control 
and sends a signal to the read side to indicate that 
RAMI is now ready to be read. This signal passes 

2 5 between two asynchronous clock regimes, and so passes 

through three synchronizing flip-flops. 

3) The next item of data to arrive on the input side is 
written into RAM2, which is still empty. 

4) When the round robin or priority encoder indicates 
that it is the turn of this swing buffer to be read, 
the DRAM Interface reads the contents of RAMI and 
writes them to the external DRAM. A signal is then 
sent back across the asynchronous interface, as in 
(2) , to indicate that RAMI is now ready to be filled 

35 again. 

5) If the DRAM Interface empties RAMI and "swings" it 
before the input side has filled RAM2 , then data can 
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30 



be accepted by the swing buffer continually, otherwise 
when RAM2 is filled the swing buffer will set its 
accept signal low until RAMI has been "swung" back for 
use by the input side. 

6) This process is repeated ad infinitum. 
The operation of a read swing buffer is similar, but 
with input and output data busses reversed. 
B.7.2.2 Addressing of External ORAM and swing Buffers 

The DRAM Interface is designed to maximize the available 
memory bandwidth. Consequently, it is arranged so that 
each 8x8 block of data is stored in the same DRAM page. In 
this way full use can be made of DRAM fast page access 
modes, where one row address is supplied followed by many 
column addresses. in addition, a facility is provided to 
allow the data bus to the external DRAM to be 8, 16 or 32 
bits wide, so that the amount of DRAM used can be matched 
to the size and bandwidth requirements of the particular 
application. 

In this example (which is exactly how the DRAM Interface 
on the Spatial Decoder works), the address generator 
provides the DRAM Interface with block addresses for each 
of the read and write swing buffers. This address is used 
as the row address for the DRAM. The six bits of column 
address are supplied by the DRAM Interface itself, and 
these bits are also used as the address for the swing 
buffer RAM. The data bus to the swing buffers is 32 bits 
wide, so if the bus width to the external DRAM is less than 
3 2 bits, two or four external DRAM accesses must be made 
before the next word is read from a write swing buffer or 
the next word is written to a read swing buffer (read and 
write refer to the direction of transfer relative to the 
external DRAM) . 

The situation is more complex in the cases of the 
Temporal Decoder and the Video Formatter. These are 
covered separately below. 
B.7.3 DRAM Interface Timing 

.In the present invention, the DRAM Interface Timing block 
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10 



20 



uses timing chains to place the edges of the DRAM signals 
to a precision of a quarter of 'the system clock period. 
Two quadrature clocks from the phase locked loop are used. 
These are combined to form a notional 2x clock. Any one 
chain is then made from two shift registers in parallel, on 
opposite phases of the "2x clock". 

First of all, there is one chain. for the page start cycle 
and another for the read/write/refresh cycles. The length 
of each cycle is programmable via the microprocessor 
interface, after which the page start chain has a fixed 
length, and the cycle chain's length changes as appropriate 
during a page start. 

On reset, the chains are cleared and a pulse is created. 
This pulse travels along the chains, being directed by the 
15 state information from the DRAM Interface. The DRAM 
Interface clock is generated by this pulse. Each DRAM 
Interface clock period corresponds to one cycle of the 
DRAM. Thus, as the DRAM cycles have different lengths, the 
DRAM Interface clock is not at a constant rate. 

Further, timing chains combine the pulse from the above 
chains with the information from DRAM Interface to generate 
the output strobes and enables (notcas, notras, notwe, 
notoe) . 
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SECTION B.8 Inverse Quantizer 



B.8.1 Introduction 

This document descrihee 
implementation of the Purpose, actions and 

lon of the inverse quantizer , „ 

with the present lnvention _ U " ln "cord.™,. 

B.8.2 Overview 

The inverse quantizer reconstructs coefficients 
'".T.U :r" lC — -ntizaticn „ei g hts Zl p " 

r ::r — <r. — r— ^r- - — 

B.8. 4 Mathematics of inverse Quantization 
B-8.4.1 H261 Equations 

For blocks coded in intra mode: 



C = BQ. , , o 
C ( . » iq_qu*nt_scal«[20 i .*„, n ( (2 . ) j 
c i ■ C ; - /«>«(c*) q = even f 0 < , < 64 
c , * C, c] = odd 
C, « m/n(m*i(C 1 ..-204a).2047) 



For all other coded blocks: 



C ( . « <Q_quant_se«l«[2e i .*,i/«(C.;j 
C ; - C ; -,«>„( cj) C-ev«n 
C. - C ; C* - odd } 

C ; m min(max(C r -2046)2047) 



0 i i < 64 
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B.8.4.2 JPEG Equations 



c i s W i.jQi 0</<64 
C. = miA(mor(C..-2048).2047) 
j * jpeg_table_indirection ( C ) 



B.8.4.3 MPEG Equations 

For blocks coded in intra mode: 



c i - 1024 / s o 

c ; « ^-"*«(c ( ") c* . even 
c .* = ^; C* = odd 

C ; » m/fl(/nox(C..-2048)^047) 



0 < / < 64 

y « o. 2 



1024 is added in intra DC case to account for predictors in huffman beii 
For all other coded blocks : 



ng reset to zero. 



C - C : 



C ; « even 

C. m odd 



C. « mi/t(mo*(C..-2048).2047) 

B.8.4.4 JPEG Variation Equations 



0 < i < 64 
= 1.3 



C, - floo\ =- ^'J, 1024 

q./too^ _ l^J 0</< 

C ( . « m//i(mflj(C ( ..-204fl)^047) 
y * iP«Q.table.ffidireaion(c) 



i = 0 
64 
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B.8.4.5 All other tokens 



unqu 
Where 



All tokens except DATA Tokens must pass through the iq 
juantized H 



f- 1 fl<0 
*ign (a) m jo a - 0 

1 a>0 

m ( a <>>* 
* a Sb 

b a>b 

Floor(a) returns an integer such that: 

<floor{a) z a a ^ Q 
aSfloor{a) < ( fl + 1) a $ 0 

Qi are the quantized coefficients. 

C, are the reconstructed coefficients 

W,j are the values in the quantisation table matrices 

i is the coefficient index along the zigzag 

j is the quantisation table matrix number (0 <= ] < = 3) 

8.8.4.6 Multiple Standards combined 

It can be shown that ail the above standard ■ 

6 standards an * their variations (also control *ata which 
must be unchanged by the i q ) can be mapped on to single equation; 

OUTPUT » C2JNPUT^^> f XV ) 
16 

With the additional post inverse quantisation functions of : 
•Add 1024 

•Convert from sign magnitude to 2 s complement representation. 
•Round all even numbers to the nearest odd number towards zero. 
•Saturate result to +2047 or -2048. 

The variables k. x and y for each variation of the stand* r «* 

me 5ian oards and which functions they use :s 

shown in Table B.8.1. 
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B.8.4.6 Multiple Standards combined 



Standard 


X 


y 


k 


Add 


Round 


Sat. 


Convert 






Weight 


Scale 




1024 


Even 


Res"t 


2*s corr.p 


H261 


intra DC 


a 


8 


0 


No 


No 


Yes 


Yes 




intra 


16 


iq_quant_scale 


1 


No 


Yes 


Yes 


Yes 




other 


16 


iq_quant_scale 


1 


NO 


Yes 


Yes 


Yes 


JPEG 


DC 


W H 


8 


0 


Yes 


No 


Yes 


Yes 




other 


W ii 


8 


0 


No 


No 


Yes 


Yes 


MPEG 


intraDC 


8 


8 


0 


Yes 


No 


Yes 


Yes 




intra 


W * 


iq_quant_scaie 


0 


No 


No 


Yes 


Yes 




other 


W * 


iq_quant_scale 


1 


NO 


Yes 


Yes 


Yes 


XXX 


DC 


w ii 


iq.quant.scale 


0 


Yes 


No 


Yes 


Yes 




other 


W- 


iq_quant_scale 


0 


No 


No | 


Yes 


Yes 


Other Tokens 


1 


8 


0 


No 


No 


No 


No 



Table B.8.1 Control decoding 



B.8.5 Block Structure 

From B.8.4.6 and Table B.8.1, it can be seen that a 
5 single architecture can be used for a multi-standard 
inverse quantizer. Its arithmetic block diagram is shown 
in Fig. 133 "Arithmetic Block": 

Control for the arithmetic block can be functionally 
broken into two sections: 
10 i Decoding of tokens to load status registers or 

quantization tables. 

• Decoding of the status registers into control 
signals. 

Tokens are decoded in iqca which controls the next cycle, 
15 i.e., iqcb's bank of registers. It also controls the access 
to the four quantization tables in igraa. The arithmetic, 
that is, two multipliers and the post functions, are in 
iqarith. The complete block diagram for the iq is shown in 
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Figure 134. 

B.8.6 Block Implementation 
B . 8 . 6 . 1 Iqca 

In the invention, iqca is a state machine used to decode 
tokens into control signals for igram and the register in 
iqcb. The state machine is better described as a state 
machine for each token since it is reset by each new token. 
For example: 

The code for the QUANT_SCALE (see B. 8.7.4 , "QUANT_SCALE" ) 
and QUANTJTABLE (see B.8.7.6, "QUANT_TABLE" ) are as 
follows: 



if (tokenheader ==» QUANT_SCALE) 
< 

sprint f {preport, "QUANT.. SCALE • ) ; 
reg_addr = ADDR_IQ_QUANT_SCALE; 
mocw a WRITE; 
enable = 1 ; 



if { tokenheader == QUANT_T ABLE ) /*QUANT_TA3LZ coken V 

switch (substate) 

< 

case 0: /* quantisation table header */ 
sprintf (preport, •QUANT_TABLE_%s_sO • , 

(headerextn ? • (full) • : ■ (empty) • ) ) ; 
nextsubstate » 1; 

insertnext » (headerextn ? 0 : 1); 
reg.addr = ADDR w IQ_COMFONENT; 
rnotw » WRITE; 
enable » 1; 
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break; 

ca " 1: /• cjuantisation table body ./ 
«?rint£ (preport, -WAMT.tabx*.%,j 1 . p 

(headerextn ? -(full)- - ./ 
nextsubscate » i ; 

• » • . .. 0 „. 

-eg_addr » USE_0TM; 

motw - (headerextn ? write reao, . 
enable « i ; 

break; 

default: 

sprintf (preport. -error in i„ „ 
'Estate te ,x».. «—U.«io» cable to.endeco.e 

substate); 



break; 

• 



Where a substate is a state within a token, QUANT_SCALE 
has, for example, only one substate. However the 
QUANT_TABLE has two, one being the header, the second the 
token body. 

The state machine is implemented as a PLA . Unrecognized 
tokens cause no wordline to rise and the PLA to output 
default (harmless) controls. 

Additionally, iqC a supplies addresses to igra. from 
Bodyword counter and inserts words into the stream, for 
example in an unextended QUANT_TABLE (see B.8.7.4). This 
is achieved by stalling, the input while maintaining the 
output valid. The words can be filled with the correct 
data in succeeding blocks (iqcb or iqarith) . 

iqca is a single cycle in the datapath controlled by two- 
wire interfaces. 
B.8.6.2 iqcb 

In the invention, iqcb holds the iq status registers. 
Under the control of iqca it loads or unloads these from/to 
the datapath. 

The status registers are decoded (see Table B.8.1) into 
control wires for iqarith; to control the XY multiplier terms 
and the post quantization functions. 

The sign bit of the datapath is separated here and sent 
to the post quantization functions. Also, zero valued 
words on the datapath are detected here. The arithmetic is 
then ignored and zero muxed onto the datapath. This is the 
easiest way to comply with the "zero in; zero out" spec of 
the iq. 

The status registers are accessible from the 
microprocessor only when the register iq_access has been 
set to one and reads back one. in this situation, iqcb has 
halted the datapath, thus ensuring the registers have a 
stable value and no data is corrupted in the datapath. 

iqcb is a single cycle in the datapath controlled by two 
wire interfaces. 
B . 8 . 6 . 3 Iqram 
• iqram must hold up to four quantization table matrices 
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(QTM) , each 64*8 bits. It is, therefore, a 256*8 bits six 

transistor RAM, capable of one read or one write per cycle. 

The RAM is enclosed by two-wire interface logic receiving 

its control and write data from iqca. It reads out data to 
5 iqarith. Similarly, igram occupies the same cycle in the 

datapath as iqcb. 

The RAM may be read and written from the microprocessor 

when iq_access reads back one. The RAM is placed behind a 

keyhole register, iq_qtm_keyhole and addressed by 
10 iq_qtm_keyhole_addr . Accessing iq_qtm_keyhole will cause 

the address to which it points, held in iq_qtm_keyhole_addr 

to be incremented. Likewise, iq_ qtm_keyhole_addr can be 

written to directly. 

B.8.6.4 iqarith 
15 Note, iqarith is three functions pipelined and split over 

three cycles. The functions are discussed below (see 

Figure 133) . 

B.8.6.4. 1 XY multiplier 

This is a 5(X) by 8(Y) bit carry save unsigned multiplier 
2 0 feeding on to the datapath multiplier. The multiplier and 
multiplicand are selected with control wires from iqcb. The 
multiplication is in the first cycle, the resolving adder 
in the second. 

At the input to the multiplier, data from iqram can be 
2 5 muxed onto the datapath to read a QUANTJTABLE out onto the 
datapath. 

B. 8. 6.4.2 (XY)« datapath multiplier 

This 13 (XY) by 12 (datapath) bit carry save unsigned 
multiplier is split over the three cycles of the block. 

30 Three partial products in the first cycle, seven in the 
second and the remaining two in the third. 

Since all output from the multiplier is less than 2047 
(non_coef f icient) or saturated to +2047/-2048, the top 
twelve bits don't ever need to be resolved. Accordingly, 

35 the resolving adder is just two bits wide. On the 
remainder of the high order bits, a zero detect suffices as 
a saturate signal. 
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B.8.6.4.3 P ost quantization functions 

The post quantization functions are 
Add 1024 

•Convert from sign magnitude to 2's complement 
representation. 

Round all even numbers to the nearest odd number 
towards zero. 

•Saturate result to +2047 or -2048. 
Set output to zero (see B.8.6.2) 

The first three functions are implemented on a 12 bit 
adder (pipelined over the second and third cycles). From 
this, it can be seen what each function requires and these 
are then combined onto the single adder. 



1 

| Function 


if dataoacn > 0 


if dataoatn > 0 


| Convert to 2*s complement 


noinrng. 


invert aad one 


| ^ound all even numoers 


subtract one 


aad one 
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Function 


- if dataoatn > 0 


ifca:acam>o 


Add 1024 


add 1024 


add 1024 



Table B.8.2 Post quantization adder functions 

15 As will be appreciated by one of ordinary skill in the 

art, care should be taken when reprogramming these 
functions as they are very interdependent when combined. 

The saturate values, zero and zero+1024 are muxed onto 
the datapath at the end of the third cycle. 
B.8.7 Inverse Quantizer Tokens 

The following notes define the behavior of the Inverse 
Quantizer for each Token tp which it responds. In all 
cases, the Tokens are also transported to the output of the 



Inverse Quantizer. In most cases, the Token is unmodified 
by the Inverse Quantizer with 'the exceptions as noted 
below. All unrecognized Tokens are passed unmodified to 
the output of the Inverse Quantizer. 
B.8.7.1 SEQUENCE_START 

This Token causes the registers iq_prediction 
mode[l:0] and iq_mpeg_indirection [ 1 : 0 ] to be reset to zero. 
B . 8 . 7 . 2 COD ING_S TANDARD 

This Token causes iq_standard [ l : o ] to be loaded with the 
appropriate value based upon the current standard (MPEG, 
JPEG or H.261) being decoded. 
B . 8 . 7 . 3 PREDICT I ON_MODE 

This Token loads iq-predict ion_mode [ 1 : o ] . Although the 
PREDICTION_MODE Token carries more than two bits, the 
Inverse Quantizer only needs access to the two lowest order 
bits. These determine whether or not the block is intra 
coded. 

B . 8 . 7 . 4 QUANT_SCALE 

This Token loads iq_quant_scale [ 4 : 0 ] . 
B . 8 . 7 . 5 DATA 

In the present invention, this Token carries the actual 
quantized coefficients. The head of the token contains two 
bits identifying the color component and these are loaded 
into iq_component[l:Oj. The next sixty four Token words 
contain the quantized coefficients. These are modified as 
a result of the inverse quantization process and are 
replaced by the reconstructed coefficients. 

If exactly sixty four extension words are not present in 
the Token, the behavior of the Inverse Quantizer is 
undefined. 

The DATA Token at the input of the Inverse Quantizer 
carries quantized coefficients. These are represented in 
eleven bits in a sign-magnitude format (ten bits plus a 
sign bit) . The value "minus zero" should not be used but 
is correctly interpreted as zero. 

The DATA Token at the output of the Inverse Quantizer 
carries reconstructed coefficients. These are represented 
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in twelve bits in a twos complement format (eleven bits 
plus a sign bit) . The DATA Token at the output will have 
the same number of Token Extension words as it had at the 
input of the Inverse Quantizer. 

B . 8 . 7 . 6 QUANT_TABLE 

This Token may be used to load a new quantization table 
or to read out an existing table. Typically, in the 
Inverse Quantizer, the Token will be used to load a new 
table which has been decoded from the bit stream. The 
action of reading out an. existing table is useful in the 
forward quantizer of an encoder if that table is to be 
encoded into the bit stream. 

The Token Head contains two bits identifying the table 
number that is to be used. These are placed in 
15 iq_component[l:0] . Note that this register now contains a 
"table number" not a color component. 

If the extension bit of the Token Head is one, the 
Inverse Quantizer expects there to be exactly sixty four 
extension Token Words. Each one is interpreted as a 
20 quantization table value and placed in a successive 
location of the appropriate table, starting at location 
zero. The ninth bit of each extension Token word is 
ignored. The Token is also passed to the output of the 
Inverse Quantizer, unmodified, in the normal way. 

2 5 if the extension bit of the Token Head is zero, then the 

Inverse Quantizer will read out successive locations of the 
appropriate table starting at location zero. Each location 
becomes an extension Token word (the ninth bit will be 
zero) . At the end of this operation, the Token will 

3 0 contain exactly sixty four extension Token words. 

The operation of the Inverse Quantizer in response to 
this token is undefined for all numbers of extension words 
except zero and sixty four. 
B . 8 . 7 . 7 JPEG_TABLE_S ELECT 
3= This token is used to load or unload translations of 

color components to table numbers to/from 



iq_ipeg_indirection. These translations are used in JPEG 
and other standards. 

The Token Head contains two bits identifying the color 
component that is currently of interest. These are placed 
in iq_component [ l : o ] . 

If the extension bit of the Token Head is one, the Token 
should contain one extension word, the lowest two bits of 
which are written into the 
iq_ipeg_indirect ion [ 2 *iq_component [ 1 : 0 ] +l : 2 *iq_component 
[1:0]] location. The value just read becomes a Token 
extension word (the upper seven bits will be zero). At the 
end of this operation, the Token will contain exactly one 
Token extension word. 
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Table B.8.3 JPEG_TABLE_S ELECT action 
B.S.7.8 MPEG_TABLE_SELECT 

This Token is used to define whether to use the default 
or user defined quantization tables while processing via 
the MPEG standard. The Token Head contains two bits. Bit 
zero of the header determines which bit if 
iq_mpeg_indirection is written into. Bit one is written 
into that location. 

Since the iq_mpeg_indirection[ 1 : 0 ] register is cleared by 
the SEQUENCE_START Token, it will only be necessary to use 
this Token if a user defined quantization table has been 
transmitted in the bit stream. 
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B.8.8 Microprocessor Registers 
B.8.8.1 iq_access 

To gain microprocessor access to any of the iq registers, 
iq_access must be set to one and polled until it reads back 
5 one (see B.8.6.2). Failure to do this will result in the 
registers being read still being controlled by the datapath 
and, therefore, not being stable. In the case of the igram, 
the accesses are locked out, reading back zeros. 

Writing zero to iq_access relinquishes control back to 
10 the datapath. 

B . 8 . 8 . 2 Iq_coding_standard [1:0] 

This register holds the coding standard that is being 
implemented by the Inverse Quantizer. 



iq_coding_standard 


Coding Standard j 


0 


H.261 j 


1 


JPSG | 


2 


MPEG j 


3 

i 


XXX j 



Table B.8.4 Coding standard values 

This register is loaded by the CODING_STANDARD Token. 

Although this is a two bit register, at present eight 
bits are allocated in the memory map and future 
implementations can deal with more than the above 
standards. ■ ' 
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B . 8 . 8 . 3 Iq_mpeg_indirection [1:0] 

This two bit register is used during MPEG decoding 
operations to maintain a record of which quantization 
tables are to be used. 

Iq_mpeg_indirectionfO] controls the table that is used 
for intra coded blocks. If it is zero then quantization 
table 0 is used and is expected to contain the default 
quantization table. If it is one, then quantization table 
2 is used and is expected to contain the user defined 
quantization table for intra coded blocks. 

This register is loaded by the MPEG_TABLE_S ELECT Token 
and is reset to zero by the SEQUENCE_START Token. 
B.8.8.4 Iq_ipeg_indirection[7 : 0] 

This eight bit register determines which of the four 
quantization tables will be used for each of the four 
possible color components that occur in a JPEG scan. 

•Bits [i:0l hold the table number that will be used for component zero. 
•Sits [3:2) hold the table number that will be used for component one. 
•Bits [5:4] hold the table number that will be used for component two. 
•Bits [7:6] hold the table number that will be used for component three. 

This register is affected by the JPEG_TABLE_SELECT Token. 
B.8.8.5 iq_quant_scale[4.0] 

This register holds the current value of the quantization 
20 scale factor. This register is loaded by the QUANT_SCALE 
Token. 

B.8.8.6 iq_component [1:0] 

This register usually holds a value which is translated 
into the Quantization Table Matrix (QTM) number. It is 
2 5 loaded by a number of Tokens. 

The DATA Token header causes this register be loaded with 
the color component of the block which is about to be 
processed. This information is only used in JPEG and JPEG 
variations to determine the QTM number, which it does with 
reference to iq_ipeg_indirection [ 7 : o ] . m other standards, 
iq_component [ 1 : 0] is ignored. 
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The JPEG_TABLE_SELECT Token causes this register be 
loaded with a color component. It' is then used as an index 
into iq_ipeg_indirection[7:0] which is accessed by the 
tokens body. 

The QUANT_SCALE Token causes this register to be loaded 
with the QTM number. This table is then either loaded from 
the Token (if the extended form of the Token is used) or 
read out from the table to form a properly extended Token. 
B . 8 . 8 . 7 iq_prediction_mode [1:0] 

This two bit register holds the prediction mode that will 
be used for subsequent blocks. The only use that the 
Inverse Quantizer makes of this information is to decide 
whether or not intra coding is being used. If both bits of 
the register are zero, then subsequent blocks are intra 
15 coded. 

This register is loaded by the PREDICTION_MODE Token. 
This register is reset to zero by the SEQUENCE_START Token. 

lq_prediction_mode[l:0] has no effect on the operation in 
JPEG and JPEG variation modes. 
6.8.8.8 Iq_ipeg_indirection[7 : 0] 

Iq_ipeg_indirection is used as a lookup table to 
translate color components into the QTM number. 
Accordingly, iq_component is used as an index to 
iq_ipeg_indirection as shown in Table B.8.3. 
25 This register location is written to directly by the 

JPEG_TABLE_S ELECT Token if the extended form of the Token 
is used. 

This register location is read directly by the 
JPEG_TABLE_SELECT Token if the non-extended form of the 
30 Token is used. 

B.8.8.9 Iq_quant_table[3 : 0] [63:0] [7:0] 

There are four quantization tables, each with 64 
locations. Each location is an eight bit value. The value 
zero should not be used in any location. 
3 5 These registers are implemented as a RAM described in 

B.8.6.3, "Igram". 

These tables may be loaded using the QUANT_TABLE 
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Token. 



Note that data in these tables are stored in zig-zag scan 
order. Many documents represent quantization table values 
as a square eight by eight array of numbers. Usually, the 
DC term is at the top left with increasing horizontal 
frequency running left to right and increasing vertical 
frequency running top to bottom. Such tables must be read 
along the zig-zag scan path as the numbers are placed into 
the quantization table with consecutive "i". 
B.8.9 Microprocessor Register Map 



Register 


Location 


Direction 


Reset State 


iq. access 


0x30 


FWV 


0 


iQ_coding_standarc(1 :0] 


0*31 


FWV 


0 


iQ_quant.scaie{4:0] 


0x32 


FWV 


? 


ic_componentfl:0] 


0x33 


FWV 




'0_preaicuon_mode{ 1 :0] 


0x34 


R/W 


0 


! iqjpegjndirection(7:0] 


0x35 


FWV 


? 


'Q_'Tipeg_indirection(l :0] 


0x36 


FWV 


0 


'Cc.mjceynoie_addrf7:01 


0x38 


FWV 


0 


iq_qtm_keyftole{7:0! 


0x39 


FWV 


7 



Table B.8.5 Memory Map 
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B.8.10 Test 

Test coverage to the Inverse Quantizer at the input is 
through the Inverse Modeler's output snooper, and at the 
output through the Inverse Quantizer's own snooper. Logic 
is covered by the Inverse Quantizer's own scan chain. 

Access can be gained to i 9 r*a without reference to 
iq_access if the ramtest signal is asserted. 
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SECTION B.9 IDCT 
B.9.1 Introduction 

The purpose of this description of the Inverse Discrete 
Cosine Transform (IDCT) block is to provide a source of 
engineering information for the IDCT. it includes 
information on the following. 

• purpose and main features of the IDCT 
how it was designed and verified 

• structure 

It is intended that the description should provide one of 
ordinary skill in the art sufficient information to 
facilitate or aid the following tasks. 

•appreciation of the IDCT as a "sillicon macro 
function" 

15 • integration the IDCT onto another device 

•development of test programs for the IDCT silicon 
•modification, re-design or maintenance of the IDCT 
•development of a forward DCT block 
B.9.2 Overview 

20 A Discrete Cosine Transform/ Zig-Zag (DCT/ZZ) performs a 

transformation on blocks of pixels wherein each block 
represents an area of the screen 8 pixels high by 8 pixels 
wide. The purpose of the transform is to represent the 
. pixel block in a frequence domain, sorted according to 
2 5 frequency. Since the eye is sensitive to DC components in 
a picture, but much less sensitive to high frequency 
components, the frequency data allows each component to be 
reduced in magnitude separately, according to the eye's 
sensitivity. The process of magnitude reduction is known 
30 as quantization. The quantization process reduces the 
information contained in the picture, that is, the 
quanrization process is lossy. Lossy processes give 
overall data compression by eliminating some information. 
The frequency data is sorted so that high frequencies, most 
likely to be quantized to zero, all appear consecutively. 
The consecutive zeros means that coding the quantized data 
by using run-length coding schemes yields further data 
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lossy process. 

zJ^ 0 " bl ° Ck (WhiCh aCtUally includes an In — «*- 

i STted or lz l' and an IDCT) takes frequency data ' ^ 

is sorted, and transforms it into spatial data. This 
inverse sorting process is the function of izz. 

The picture decompression system, of which the IDCT block 
forms a part, specifies the pixels as integers. This means 
that the IDCT block must take, and yield, integer values 
However, since the IDCT function is not integer based, the 
internal number representation uses fractional parts to ' 
maintain internal accuracy. Full floating-point arithmetic 
is preferable, but the implementation described herein uses 
fixed-point arithmetic. There is some loss of accuracy 
using fixed-point arithmetic, but the accuracy of this 
implementation exceeds the accuracy specified by H.261 and 
the IEEE. 

B.9.3 Design Objectives 

The main design objective, in accordance with the present 
invention, was to design a functionally correct IDCT block 
which uses a minimum silicon area. The design was also 
required to run with a clock speed of 3 0MHz under the 
specified operating conditions, but it was considered that 
the design should also be adaptable for the future. Higher 
clock rates will be needed in the future, and the 
architecture of the design allows for this wherever 
possible. 

B.9.4 IDCT Interfaces Description 

The IDCT block has the following interfaces, 
a 12-bit wide Token data input port 

• a 9-bit wide Token data output port 

• a microprocessor interface port 
' a system services input port 

• a test interface 

• resynchronizing signals 

Both the Token data ports are the standard Two-Wire 
Interface type previously described. The widrhs 



illustrated, refer to the number of bits in the data 
representation, not the total number of wires in a port. 
In addition, associated with the input Token data port are 
the clock and reset signals used for resynchronizat ion to 
the output of the previous block. There are also two 
resynchronizing clocks associated with the output Token 
data port and used by the subsequent block. 

The microprocessor interface is standard and uses four 
bits of address. There are also three externally decoded 
select inputs which are used to select the address spaces 
for events, internal registers and test registers. This 
mechanism provides the flexibility to map the IDCT address 
space into different positions in different chips. There 
is also a single event output, idctevent, and two i/o 
signals, n_derrd and n_serrd, which are the event tristate 
data wires to be connected externally to the IDCT and to 
the appropriate bits of the microprocessor notdata bus. 

The system services port consists of the standard clock 
and reset input signals, as well as, the 2-phase override 
clocks and associated clock override mode select input. 

The test interface consists of the JTAG clock and reset 
signals, the scan-path data and control signals and the 
ramtest and chiptest inputs. 

In normal operation, the microprocessor port is inactive 
since the IDCT does not require any microprocessor access 
to achieve its specified function. Similarly, the test 
interface is only active when testing or verification is 
required. 

B.9.5 The Mathematical Basis for the Discrete Cosine 
Transformation 

In video bandwidth compression, the input data represents 
a square area of the picture. The transform applied must, 
therefore, be two-dimensional. Two-dimensional transforms 
are difficult to compute efficiently, but the two- 
dimensional DCT has the property of being separable. 
Separable transforms can be computed, along each dimension 
independent of the other dimensions. This implementation 
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uses a one-dimensional IDCT algorithm designed specifically 
for mapping onto hardware; the algorithm is not appropriate 
for software models. The one-dimensional algorithm is 
applied successively to obtain a two-dimensional result. 

The mathematical definition of the two-dimensional DCT 
for an N by N block of pixels is as follows: 



EQ 10. forward DCT 
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The above definition is mathematically equivalent to 
multiplying two N by N matrices, twice in succession, with 
a matrix transposition between the multiplications. A one- 
dimensional DCT is mathematically equivalent to multiplying 
two N by N matrices. Mathematically the two-dimensional 
case is: 

r - 0 <f c 



Where C is the matrix of cosine terms. 

Thus the DCT is sometimes described in terms of matrix 
manipulation. Matrix descriptions can be convenient for 
mathematical reductions of the transform, but it must be 
stressed that this only makes notation easier. Note that 
the 2/N term governs the DC level. The constants c(j) and 
c(k) are known as the normalization factors. 
B.9.6 The IDCT Transform Algorithm 

As subsequently explained in further detail, the 
algorithm used to compute the actual IDCT transform should 
be a "fast" algorithm. The algorithm used is optimized for 
an efficient hardware architecture and implementation. The 
main features of the algorithm are the use of V2 scaling in 
order to remove one multiplication, and a transformation of 
the algorithm designed to yield a greater symmetry between 
the upper and lower sections. This symmetry results in an 
efficient re-use of many of the most costly arithmetic 
elements . 

In the diagram illustrating the algorithm (Figure 136) , 
the symmetry between the upper and lower halves is evident 
in the middle section. The final column of adders and 
subtractors also has a symmetry, the adders and subtracters 
can be combined with relatively little cost (4 
adder/ subtractors being significantly smaller than 4 adders 
+ 4 subtractors as illustrated) . 

Note that all the outputs of a single dimensional 
transform are scaled by V2. This means that the final 2- 
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dimensional answer will be scaled by 2. This can then be 
easily corrected in the final saturation and rounding stage 
by shifting. 

The algorithm shown was coded in double precision 
5 floating-point C and the results of this compared with a 
reference IDCT (using straightforward matrix 
multiplication) . A further stage was then used to code a 
bit-accurate integer version of the algorithm in C (no 
timing information was included) which could be used to 

10 verify the performance and accuracy of the algorithm as it 
would be implemented On silicon. The allowable 

inaccuracies of the transform are specified in the H.261 
standard and this method was used to exercise the bit- 
accurate model and measure the delivered accuracy. 

15 Figure 137 shows the overall IDCT Architecture in a way 

that illustrates the commonality between the upper and 
lower sections and which also shows the points at which 
intermediate results need to be stored. The circuit is 
time multiplexed to allow the upper and lower sections to 

2 0 be calculated separately. 

B.9.7 The IDCT Transform Architecture 

As described previously, the IDCT algorithm is optimized 
for an efficient architecture. The key features of the 
resulting architecture are as follows: 

25 'significant re-use of the costly arithmetic 

operations 

•small number of multipliers, all being constant 
coefficient rather than general purpose (reduces 
multiplier size and removes need for separate 
30 coefficient store) 

•small number of latches, no more than required for 
pipelining the architecture 

• operations are arranged so that only a single 
resolving operation is required per pipeline stage 
35 • can arrange to generate results in natural order 

•no complex crossbar switching or significant 
multiplexing (both costly in a final implementation) 



• advantage is taken of resolved results in order to 
remove two carry-save operations (one addition, one 
subtraction) 

• architecture allows each stage to take 4 clock 
cycles, i.e., removes the requirement for very fast 
(large) arithmetic operations 

•architecture will support much faster operation than 
current 30MHz pixel-clock operation by simply 
changing resolving operations from small/slow ripple 
carry to larger/faster carry- lookahead versions. The 
resolving operations require the largest proportion 
of the time required in each stage so speeding up 
only these operations has a significant effect on the 
overall operations speed, whilst having only a 
relatively small increase on the overall size of the 
transform. Further increases in speed can also be 
achieved by increasing the depth of pipelining. 

• control of the transform data-flow is very 
straightforward and efficient 

The diagram of the ID Transform Micro-Architecture 
(Figure 141) illustrates how the algorithm is mapped onto 
a small set of hardware resources and then pipelined to 
allow the necessary performance constraints to be met. The 
control of this architecture is achieved by matching a 
"control shift-register" to the data-flow pipeline. This 
control is straightforward to design and is efficient in 
silicon layout. 

The named control signals on Figure 141 (latch, sel_byp 
etc.) are the various enable signals used to control the 
latches and, thus, the signal flow. The clock signals to 
the latches are not shown. 

Several implementation details are significant in terms 
of allowing the transform architecture to meet the required 
accuracy standards whilst minimizing the transform size. 
The techniques used generally fall into two major classes. 

•Retention of maximum dynamic range, with a fixed 

word width, at each intermediate state by individual 
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control of the fixed-point position. 

•Making use of statistical definition of the accuracy 
requirement in order to achieve accuracy by selective 
manipulation of arithmetic operations (rather than 
5 increasing accuracy by simply increasing the word 

width of the entire transform) 

The straightforward way to design a transform would 
involve a simple fixed-point implementation with a fixed 
word-width made large enough to achieve accuracy. 

10 Unfortunately, this approach results in much larger word 
widths and, therefore, a larger transform. The approach 
used in the present invention allows the fixed point 
position to vary throughout the transform in a manner that 
makes the maximum use of the available dynamic range for 

15 any particular intermediate value, achieving the maximum 
possible accuracy. 

Because the allowable results are specified 
statistically, selective adjustments can be made to any 
intermediate value truncation operation in order to improve 

20 overall accuracy. The adjustments chosen are simple 
manipulations of LSB calculations, which have little or no 
cost. The alternative to this technique is to increase the 
word width, involving significant cost. The adjustments 
effectively "weight" final results in a given direction, if 

25 it is found that previously, these results tend in the 
opposite direction. By adjusting the fractional parts of 
results, we are effectively shifting the overall average of 
these results. 

B.*.8 XDCT Block Diagram Description 

3 0 The block diagram of the IDCT shows all the blocks that 

are relevant to the processing of the Token Stream. This 
diagram, Figure 138, does not show details of clocking, 
test and microprocessor access and the event mechanism. 
Snooper blocks, used to provide test access, are not shown 

3 5 in the diagram. 

B.9.8.1 DATA Error Checker 

The first block is the DATA error checker and corrector, 
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called "decheck" which takes and produces a 12-bit wide 
Token Stream, parses this stream and checks the DATA 
Tokens, All other Tokens are ignored and are passed 
straight through. The checks that are performed are for 
DATA Tokens with a number of extensions not equal to 64. 
The possible errors are termed "deficient" (<64 extensions) 
an idct_too_few_event, and "supernumerary" (>64 
extensions) , an idct_too_many_event . Such errors are 
signalled with the standard event mechanism, but the block 
also attempts simple error recovery by manipulation of the 
Token Stream . In the case of deficient errors, the DATA 
Token is packed with "0" value extensions (stops accepting 
input and performs insert) to make up the correct 64 
extensions. in the case of a supernumerary error, the 
extension bit is forced to "0" for the 64th extension and 
all extra extensions are removed from the Token Stream. 
B.9.8.2 Inverse Zig-Zag 

The next block on the Spatial Decoder in Fig. 13 8 is the 
inverse zig-zag RAM 441, "izz", and again it takes and 
produces a 12-bit wide Token Stream. As with all other 
blocks, the stream is parsed, but only DATA Tokens are 
recognized. All other Tokens are passed through unchanged. 
DATA Tokens are also passed through, but the order of the 
extensions is changed. This block relies on correct DATA 
Tokens (i.e., 64 extensions only). If this is not true, 
then operation is unspecified. The reordering is done 
according to the standard inverse Zig-Zag pattern and, by 
default, is done so as to provide horizontally scanned data 
at .the IDCT output. It is also possible to change the 
ordering to provide vertically scanned output. In addition 
to the standard IZZ ordering, this block performs an extra 
re-ordering of each 8-word row. This is done because of 
the specific requirements of the IDCT one-dimensional 
transform block and results in rows being output in the 
order (1,3,5,7,0,2,4,6) rather than (0,1,2,3,4,5,6,7). 
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B.9.8.3 Input Formatter 

The next block in Figure 138 is the input formatter 442, 
"ip_fmt", which formats DATA input for the first dimension 
of the IDCT transform. This block has a 12 -bit wide Token 
Stream input and 2 2 -bit wide token Stream output. DATA 
Tokens are shifted left so as to move the integer part to 
the correct significance in the IDCT transform standard 2 2- 
bit wide word, the fractional part being set to 0. This 
means that there are 10 bits of fraction at this point. All 
other Tokens are unshifted and the extra unused bits are 
simply set to 0. 

B.9.8.4 1-Dimensional Transform - 1st Dimension 

The next block shown in Figure 138 is the first single 
dimension IDCT transform block 443 , "oned" . This inputs and 
outputs 2 2 -bit wide token Streams and, as usual, the stream 
is parsed and DATA Tokens are recognized. All other tokens 
are passed through unaltered. The DATA Tokens pass through 
a pipelined datapath that performs an implementation of a 
single dimension of an 8-by-8 Inverse Discrete Cosine 
Transform. At the output of the first dimension, there are 
7 bits of fraction in the data word. All other Tokens run 
through a merely shift register datapath that simply 
matches the DATA transform latency and are recombined into 
the Token Stream before output. 
B. 9.8.5 Transpose RAM 

The transpose RAM 444 "tram", is similar in many ways to 
the inverse zig-zag RAM 441in the way it handles a Token 
Stream. The width of Tokens handled (22 bits) and the re- 
ordering performed are different, but otherwise they work 
in the same way and actually share much of their control 
logic. Again, rows are additionally re-ordered for the 
requirements of the following IDCT dimension as well as the 
fundamental swapping of columns into rows. 
B.9.8.6 1-Dimensional Transform - 2nd Dimension 

The next block shown is another instance of a single 
dimension IDCT transform and is identical in every way to 
the first dimension. At the output of this dimension there 
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are 4 bits of fraction. 

B . 9 . 8 . 7 Round and Saturate 

The round-and-saturate block 446 in Figure 138, "ras", 
takes a 22-bit wide Token Stream containing DATA extensions 
in 22-bit fixed point format and outputs a 9-bit wide Token 
Stream where DATA extensions have been rounded (towards +ve 
infinity) into integers and saturated into 9-bit two's 
complement representation and all other Tokens have been 
passed straight through. 
B.9.9 Hardware Descriptions of Blocks 
B.9.9.1 Standard Block Structure 

For all the blocks that handle a Token Stream there is a 
standard notional structure as shown in Figure 139. This 
separates the two-wire interface latches from the section 
that performs manipulation of the Token Stream. Variations 
on this structure can include extra internal blocks (such 
as a RAM core). In some blocks shown, the structure' is 
made less obvious in the schematic (although it does 
actually still exist) because of the requirement of 
grouping together all the "datapath" logic and separate 
this from all the standard cell logic. In the case of a 
very simple block, such as "ras", it is possible to take 
the latched out_accept straight into the input two-wire 
latch without logical manipulation. 
B.9.9. 2 "Decheck" - DATA Error Checking/Recovery 

The first block 440 in the Token Stream performs DATA 
checking and correcting as specified in the Block Diagram 
Overview section. The detected errors are handled with the 
standard event mechanism which means that events can be 
masked and the block can either continue with the recovery 
procedure when an error is detected or be stopped depending 
on event mask status. The IDCT should never see incorrect 
DATA Tokens and, therefore, the recovery that it attempted 
is only a fairly simple attempt to contain what may be a 
serious problem. 

This block has a pipeline depth of two stages and is 
implemented entirely in zcells. The input two-wire 
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interface latch is of the "front" type, meaning that all 
inputs arrive onto transistor gates to allow safe operation 
when this block (at the front of the IDCT) is on a separate 
power supply regime from the one preceding it. This block 
works by parsing a Token Stream and passing non-DATA Tokens 
straight through. When a DATA Token is found, a count is 
started of the number of extensions found after the header. 
If the extension bit is found to be "0" when the count does 
not equal 63, an error signal is generated (which goes to 
the event logic) and depending on the state of the mask bit 
for that event, "decheck" will either be stopped (i.e., no 
longer accept input or generate output) or will begin error 
recovery. The recovery mechanism for "deficient" errors 
uses the counter to control the insertion of the correct 
number of extensions into the Token Stream (the value 
inserted is always "0") . Obviously, input is not accepted 
whilst this insertion proceeds. When it is found that the 
extension bit is not "0" on the 64th extension, a 
"supernumerary" error is generated, the DATA Token is 
completed by forcing the extension bit to "0", and all 
succeeding words with the extension bit set to "1" are 
deleted from the Token Stream by continuing to accept data 
but invalidating the output. 

Note that the two error signals are not persistent 
(unless the block is stopped) i.e., the error signal only 
remains active from the point when an error is detected 
until recovery is complete. This is a minimum of one 
complete cycle and can persist forever in the case of a 
infinitely supernumerary DATA Token. 
B.9.9.3 "Izz" and "tram" - Reordering RAMs 

The "izz" 441 (inverse zig-zag RAM) and the "tram" 444 
(transpose RAH) are considered here together since they 
both perform a variation on the same function and they have 
more similarities than differences. Both these blocks take 
a Token Stream and re-order the extensions of a DATA Token 
whilst passing through all other Tokens unchanged. The 
widths of the extensions handled and the sequences of the 
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re-ordering are different, but a large section of the 
control logic for each RAM is identical and is actually 
organized into a "common control" block which is instanced 
in the schematic for each RAM. The difference in width has 
5 no effect upon this control section so it is only necessary 
to use a different "sequence address generator" for each 
RAM together with RAM cores and two-wire interface blocks 
of the appropriate width. 

The overall behavior of each RAM is essentially that of 
10 a FIFO. This is strictly true at the Token level and a 
particular modification to the output order is made for the 
extension words of a DATA Token. The depth of the FIFO is 
128 stages. This is necessary to fulfill the requirement 
for a sustainable 30 MHz throughout the system since output 
of the FIFO is held up after the start of the output of a 
DATA Token is detected. This is because the features of 
the reordering sequences used require that a complete block 
of 64 extensions be gathered in the FIFO before re-ordered 
output can begin. More precisely, the minimum number 
required is different for inverse zig-zag and transpose 
sequences and is somewhat less than 64 in both cases. 
However, the complications of controlling a FIFO which has 
a length which is not a power of two, means that the small 
saving in RAM core would be outweighed by the additional 
25 complexity of control logic required. 

The RAM core is implemented with a design which allows a 
read and a write (to the same or separate addresses) in a 
single 30 MHz cycle. This means that the RAM is 
effectively operating with an internal 60 MHz cycle time. 

The re-ordering operation is performed by generating a 
particular sequence of read addresses ("sequence address 
generation") in the range 0-> 63, but not in natural order. 
The sequences required are specified by the standard zig- 
zag sequence (for eight horizontal or vertical scanning) or 
by the sequence needed for normal matrix transposition. 
These standard sequences are then further reordered by the 
requirement to output each row in Odd/Even format (i.e., 
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1,3,5,7,0,2,4,6) rather than (0,1,2,3,4,5,6,7)) because of 
the requirements of the IDCT" transform 1-dimensional 
blocks. 

Transpose address sequence generation is quite 
straightforward algorithmically . Straight transpose 

sequence generation simply requires the generation of row 
and column addresses separately, both implemented with 
counters. The row re-ordering requirement simply means 
that row addresses are generated with a simple specific 
state machine rather than a natural counter. 

Inverse zig-zag sequences are rather less straightforward 
to generate algorithmically. Because of this fact, a small 
ROM is used to hold the entire 64 6 bit values of address, 
this being addressed with row and column counters which can 
be swapped in order to change between horizontal and 
vertical scan modes. A ROM based generator is very quick 
to design and it further has the advantage that it is 
trivial to implement a forward zig-zag (ROM re-program) or 
to add other alternative sequences in the future. 
2 0 B.9.9.4 "Oned" - Singl. Dimension IDCT Transform 

This block has a pipeline depth of 20 stages and the 
pipeline is rigid when stalled. This rigidity greatly 
simplifies the design and should not unduly affect overall 
dynamics since the pipeline depth is not that great and 
both dimensions come after a RAM which provides a certain 
amount of buffering. 

The block follows the standard structure, but has 
separate paths internally for DATA Token extensions (which 
are to be processed) and all other items which should be 
30 passed through unchanged. Note that the schematic is drawn 
in a particular way. First, because of the requirements to 
group together all the datapath logic and second, to allow 
automatic compiled code generation (this explains the 
control logic at the top level) . 

Tokens are parsed as normal and then DATA extensions, and 
other values, are routed respectively through two different 
parallel paths before being re-combined with a multiplexer 
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before the output two-wire interface latch block. The 
parallel paths are required because it is not possible to 
pass values unchanged through the transform datapath. The 
latency of the transform datapath is matched with a simple 
shift register to handle the remainder of the Token Stream. 

The control section of "oned" needs to parse the Token 
Stream and control the splitting and re-combination of the 
Tokens. The other major section controls the transform 
datapath. The main mechanism for the control of this 
datapath is a control shift-register which matches the 
datapath pipeline and is tapped-of f to provide the 
necessary control signals for each stage of the datapath 
pipeline. 

The "oned" block has the requirement that it can only 
start operation on complete rows of DATA extensions, i.e., 
groups of 8. It is not able to handle invalid data 
("Gaps") in the middle of rows, although, in fact, the 
operation of "izz" and the "tram" ensure that complete DATA 
blocks are output as an uninterrupted sequence of 64 valid 
extension values. 
B. 9. 9. 4.1 Transform Datapath 

The micro-architecture of the transform datapath, "t_dp" 
was previously shown in Figure 141. Note that some detail 
(e.g., clocking, shifts, etc.) is not shown. This diagram 
does illustrate, however, how the datapath operates on four 
values simultaneously at any stage in the pipeline. The 
basic sub-structure of the datapath, i.e., the three main 
sections can also be seen (e.g., pre-common, common and 
post-common) as can the arithmetic and latch resources 
required. The named control signals are the enables for 
the pipeline latches (and the add/sub selector) which are 
sequenced with decodes of the control shift-register state. 
Note that each pipeline stage is actually four clock cycles 
in length. 

Within the transform datapath there are a number of latch 
stages which are required to gather input, store 
intermediate results in the pipeline, and serialize the 
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output. some of latches are of the muxing type, i.e., they 
can be conditionally loaded from more than one source'. All 
the latches are of the enabled type, i.e., there are 
separate clock and enable inputs. This means that it is 
easy to generate enable signals with the correct timing, 
rather than having to consider issues of skew that would 
arise if a generated clock scheme was adopted. 

The main arithmetic elements required are as follows, 
a number of fixed coefficient multipliers 
(carry-save output) 
■ carry-save adders 

• carry-save subtracters 

• resolving adders 
•resolving adder/subtractors 

15 A11 arithmetic is performed in two's complement 

representation. This can either be in normal (resolved) 
form or in carry-save form (i.e., two numbers whose sum 
represents the actual value) . All numbers are resolved 
before storage and only one resolving operation is 
performed per pipeline stage since this is the most 
expensive operation in terms of time. The resolving 
operations performed here all use simple ripple-carry. 
This means that the resolvers are quite small, but 
relatively slow. since the resolutions dominate the total 
25* time in each stage, there is obviously an opportunity to 
speed up the entire transform by employing fast resolving 
arithmetic units. 

B.9.9.5 "Ras" - Rounding and Saturation 

In the present invention, the "ras" block has the task of 
taking 22-bit fixed point numbers from the output of the 
second dimension "oned" and turning these into the 
correctly rounded and saturated 9-bit signed integer 
results required. This block also performs the necessary 
divide-by-4 inherent in the scheme (the 2/N term) and to 
further divide-by-2 required to compensate for the v'2 pre- 
scaling performed in each of the two dimensions. This 
division by 8 • implies that the fixed point position is 
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interpreted as being three bits further left than 
anticipated, i.e., treat the result as having 15 bits of 
integer representation and 7 bits of fraction (rather than 
4 bits of fraction). The rounding mode implemented is 
"round to positive infinity" , i.e., add one for fractions 
of exactly 0.5. This is primarily done because it is the 
simplest rounding mode to implement. After rounding (a 
conditional increment of the integer part) is complete, 
this result is inspected to see whether the 9-bit signed 
result requires saturation to the maximum or minimum value 
in this range. This is done by inspection of the increment 
carry out together with the upper bits of the original 
integer value . 

As usual, the Token Stream is parsed and the round and 
15 saturation operation is only applied to DATA Token 
extension values. The block has a pipeline depth of two 
stages and is implemented entirely in zcells. 
B.9.9.6 "Idctsels" - idct Register Select Decoder 

This block is a simple decoder which decodes the 4 
microprocessor interface address lines, and the »sel_test» 
input, into select lines for individual blocks test access 
(snoopers and RAMs) . The block consists only of zcells 
combinatorial- logic. The selects decoded are shown in 
Table B.9.2. 
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Table B.9.1 IDCT Test Address Space 

Repeated address 



B.9.9.7 "idctregs" - IDCT Control Register and Events 

This block of the invention b6ntaihs instances of the 
standard event logic blocks to handle the DATA deficient 
and supernumerary errors and also a single memory mapped 
bit "vscan" which can be used to make the "izz" re-ordering 
change such that the IDCT output is vertically scanned. 
This bit is reset to the value "0", i.e., the default mode 
is horizontally scanned output. The two possible events 
are OR-ed together to form an idctevent signal which can be 
used as an interrupt. See Section B.9.10 for the addresses 
and bit positions of registers and events. 
B.9.9.8 Clock Generators 

Two "standard" type ("clkgen") clock generators are used 
in the IDCT. This is done so that there can be two 
separate scan-paths. The clock generators are called 
"idctcga" and "idctcgb". Functionally, the only difference 
is that "idctcgb" does not need to generate the "notrsti" 
signal. The amounts of buffering for each of the clock and 
reset outputs in the two clock generators is individually 
tailored to the actual loads driven by each clock or reset. 
The loads that are matched were actually measured from the 
gate and track capacitances of the final layout. 

When the IDCT top-level Block Place and Route ( BPR) was 
performed, advantage was taken of the capabilities of the 
interactive global routing feature to increase the widths 
of tracks of the first sections of the clock distribution 
trees for the more heavily loaded clocks (phO_b and phl_b) 
since these tracks will carry significant currents. 
B.9.9.9 JTAG Control Blocks 

Since the IDCT has two separate scan-chains, and two 
clock generators, there are two instances of the standard 
JTAG control block, "jspctle". These interface between the 
test port and the two scan-paths. 
B.9.10 Event and Control Registers 

The IDCT can generate two events and has a single bit of 
control. The two events are idct_too_f ew_event and 
idct_too_many_event which can be generated by the "decheck" 
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lock at the front of the IDCT if incorrect DATA Tokens are 
• ected. The single control bit is "vscan" which is set 
if it is required to operate the IDCT with the output 
vertically scanned. This bit, therefore, controls the 
122" block. All the event logic and the memory mapped 
control bit are located in the block "idctregs". 

From the point of view of the IDCT, these registers are 
located in the following locations. The tristate i/o wires 
n_derrd and n-serrd are used to read and write to these 
locations as appropriate. 




Table B.9.2 



IDCT control Register Address space 




Table B.9.3 IDCT Event Address spa 
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B.9.11 Implementation Issues 
B. 9.11.1 Logic Design Approach 

In the design of all the IDCT blocks, in accordance with 
the invention, there was an attempt to use a unified and 
simple logic design strategy which would mean that it was 
possible to do a "safe" design in a quick and 
straightforward manner. . For the majority of control logic, 
a simple scheme of using master-slaves only was adopted. 
Asynchronous set/reset inputs were only connected to the 
correct system resets. Although it might often be possible 
to come up with clever non-standard circuit configurations 
to perform the same functions more efficiently, this scheme 
possesses the following advantages, 
•conceptually simple 
15 • easy to design 

•speed of operation is fairly obvious (cf. 
latch->logic->latch>logic style design) and 
amenable to automatic analysis 
•glitches not a problem (cf. SR latches) 
20 using only system reset for initialization 

allows scan paths to work correct ly 
•allows automatic complied C-code generation 
There are a number of places where transparent d-type 
latches were used and these are listed below. 
25 B.9.11. 1,1 tw o-wire interface latches 

The standard block structure uses latches for the input 
and output two-wire interfaces. No logic exists between an 
output two-wire latch and the following input two-wire 
latch. 

30 B.9.11. 1.2 ROM interface 

Because of the timing requirements of the ROM circuit, 
latches are used in the IZZ sequence generator at the 
output of the ROM. 

B. 9. ii.i,3 Transfo rm Datapath and control Shift-Register 

It is possible to implement every pipeline storage stage 
as a full master-slave device, but because of the amount of 
storage required' there is a significant savings to be had 
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B.9.11.3 Layout Approach 

The overall approach to the layout implementation of the 
present invention was to use BPR (some manual intervention) 
to lay out a complete IDCT which consisted of many zcells 
and a small number of macro blocks. These macro blocks 
were either hand-edited layout (e.g., RAMs , ROM, clock 
generators, datapaths) or, in the case of the "oned" block, 
had been built using BPR from further zcells and datapaths. 

Datapaths were constructed from kdplib cells. 
Additionally, locally defined layout variations of kdplib 
cells were defined and used where this was perceived as 
providing a worthwhile size benefit. The datapath used in 
each of the "oned" blocks, "oned_d", is by far the largest 
single element in the design and considerable effort was 
put into optimizing the size (height) of this datapath. 

The organization of the transform datapath, "t_dp", is 
rather crucial since the precise ordering of the elements 
within the datapath will affect the way the interconnect is 
handled. It is important to minimize the number of "overs" 
(vertical wires not connecting to a sub-block) which occur 
at the most congested point since there is a maximum 
allowed value (ideally 8, 10 is also possible, although 
highly inconvenient) . The datapath is split logically into 
three major sub-sections and this is the way that the 
datapath layout was performed. in each subsection, there 
are really four parallel data flows (which are combined at 
various points) and there are, therefore, many ways of 
organizing the flows of data (and, thus, the positions of 
all the elements) within each subsection. The ordering of 
the blocks within each subsection, and also the allocation 
of logical buses to physical bus pitches was worked out 
carefully before layout commenced in order to make it 
possible to achieve a layout that could be connected 
correctly . 
B.9.12 Verification 

The verification of the IDCT was done at a number of 
levels, from top-level verification of the algorithms to 
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final layout checks. 

The initial work on the transform architecture was done 

in c, both full-precision and bit-accurate integer models 
were developed. Various tests were performed on the bit- 
accurate model in order to prove the conformance to the 
H.261 accuracy specification and to measure the dynamic 
ranges of the calculations within the transform 
architecture . 

The design progressed in many cases by writing an M 
behavioral description of sub-blocks (for example, the 
control of datapaths and. RAM.). such descriptions were 
simulated in Lsim before moving onto the design of the 
schematic description of that block. In some cases (e g 
RAMs, clock generators) the behavioral descriptions were 
still used for top-level simulations. 

The strategy for performing logic simulation was to 
simulate the schematics for everything that would simulate 
adequately at that level. The low-level library cells 
(i.e., 2C ells and kdplib) were mainly simulated using their 
behavioral descriptions since this results in far smaller 
and quicker simulations. Additionally, the behavioral 
library cells provide timing check features which can 
highlight some circuit configuration problems. As a 
confidence check, some simulations were performed using the 
transistor descriptions of the library cells. All the 
logic simulations were in the zero-delay manner and 
therefore, were intended to verify functional performance. 
The verification of the real timing behavior is done with 
other techniques. 

Lsim switch-level simulations (with RC_Timing mode being 
used) were done as a partial verification of timing 
performance, but also provide checks for some other 
potential transistor level problems (e.g., glitch sensitive 
circuits) . 

The main verification technique for checking timing 
problems was the use of the CPA tool, the "path" option for 
"datechk". This was used to identify the longer signal 
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paths (some were already known) and Hspice was used to 
verify the CPA analysis in some critical cases. 

Most Lsim simulations were performed with the standard 
source->block->sink methodology since the bulk of the IDCT 
behavior is exercised by the flow of Tokens through the 
device. Additional simulations are also necessary to test 
the features accessed through the microprocessor interface 
(configuration, event and test logic) and those test 
features accessed via JTAG/scan. 

Compiled-code simulations can be readily accomplished by 
one of ordinary skill in the art for entire IDCT, again 
using the standard source->bloc->sink method and many of 
the same Token Streams that were used in the Lsim 
verification. 

B.9.13 Testing and Test Support 

This section deals with the mechanisms which are provided 
for testing and an analysis of how each of the blocks might 
be tested. 

The three mechanisms provided for test access are as 
follows: 

• microprocessor access to RAM cores 
•microprocessor access to snooper blocks 

* scan path access to control and datapath logic 

There are two "snooper" blocks and one "super snooper" 
block in the IDCT. Figure 140 shows the positions of the 
snooper blocks and the other microprocessor test access. 

Using these, and the two RAM blocks, it is possible to 
isolate each of the major blocks for the purpose of testing 
their behavior in relation to the Token flow. Using 
microprocessor access, it is possible to control the Token 
inputs to any block and then to observe the Token port 
output of that block in isolation. Furthermore, there are 
two separate scan paths which run through (almost) all of 
the flip-flops and latches in the control sections of each 
block and also some of the datapath latches in the case of 
the "oned" transform datapath pipeline. The two scan paths 
are denoted "a" and "b", the former running from the 
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"decheck" block to the "ip_fmt" block and the latter from 
the first "oned" block to the "ras" block. 

Access to snoopers is possible by accessing the 
appropriate memory mapped locations in the normal manner. 
The same is true of the RAM cores (using the "ramtest" 
input as appropriate) . The scan paths are accessed through 
the JTAG port in the normal way. 

Each of the blocks is now discussed with reference to the 
various test issues. 
B. 9. 13.1 "Decheck" 

This block has the standard structure (see Figure 13 9) 
where two latches for the input and output two-wire 
interfaces surround a processing block. As usual, no scan 
is provided to the two-wire latches since these simply pass 
on data whenever enabled and have no depth of logic to be 
tested. In this block, the "control" section consists of 
a 1-stage pipeline of zcells which are all on scanpath "a". 
The logic in the control section is relatively simple, the 
most complex path is probably in the generation of the DATA 
extension count where a 6-bit incrementer is used. 
B. 9. 13.2 "122" 

This block is a variant of the standard structure and 
includes a RAM core block added to the two-wire interface 
latches and the control section. The control section is 
implemented with zcells and a small ROM used for address 
sequence generation. All the zcells are on scanpath "a" 
and there is access to the ROM address and data via zcell 
latches. There is also further logic, e.g., for the 
generation of numbers plus the ability to increment or 
decrement. In addition, there is a 7-bit full adder used 
for read address generation. The RAM core is accessible 
through keyhole registers, via the microprocessor 
interface, see Table B.9.1. 
B. 9. 13.3 "lp_fmt" 

This block again has the standard structure. Control 
logic is implemented with some rather simple zcell logic 
(all on scanpath "a") but the latching and shif ting/muxing 



of the data is performed in a datapath with no direct 
access since the logic here is very shallow and simple 
B.9.13.4 M oned M 

Again, this block follows the standard structure and 
divides into random logic and datapath sections. The zcell 
logic is relatively straightforward, all the zcells are on 
scanpath »a». The control signals for the transform 
pipeline datapath are derived from a long shift register 
consisting of zc.ll latches which are on the scanpath. 
Additionally, some of the pipeline latches are on the 
scanpath, this being done because there is a considerable 
depth of logic between some stages of the pipeline (e g 
multipliers and adders) . The non-DATA Tokens are passed 
along a shift register, implemented as a datapath, and 
there is no test access to any of the stages. 
B. 9. 13.5 Tram' 

This block is very similar to the ''i 22 » block. m this 
case, however, there is no ROM used in the address sequence 
address generation. This is performed algorithmically . 
All the zcell control states are on datapath »b». 
B.9.13.6 Rras' 

This block follows the standard structure and is entirely 
implemented with zcells. The most complex logical function 
is the 8-bit incrementer used when rounding up. All other 
logic is fairly simple. All states are scanpath »b». 
B.9.X3.7 other top-level blocks 

There are several other blocks that appear at the top 
level of the IDCT. The snoopers are obviously part of the 
test access logic, as are the JTAG control blocks. There 
are also the two clock generators which do not have any 
special test access (although they support various test 
features). The block "idctsels" is combinatorial zcell 
logic for decoding microprocessor addresses and the block 
"idctregs" contains the microprocessor accessible event and 
control bits associated with the IDCT. 
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SECTION B. 10 Introduction 

B.10.1 Overview of the Temporal Decoder 

The internal structure of the Temporal Decoder, in 
accordance with the invention, is shown in Figure 142. 
5 All data flow between the blocks of the chip (and much of 

the data flow within blocks) is controlled by means of the 
usual two-wire interfaces and each of the arrows in Figure 
14 2 represents a two-wire interface. The incoming token 
stream passes through the input interface 4 50 which 

10 synchronizes the data from the external system clock to the 
internal clock derived from the phase-locked-loop 
(phO/phl) . The token stream is then split into two paths 
via a Top Fork 4 51; one stream passes to the Address 
Generator 452 and the other to a 256 word FIFO 453. The 

15 FIFO buffers data while data from previous I or P frames is 
fetched from the DRAM and processed in the Prediction 
Filters 4 54 before being added to the incoming error data 
from the Spatial Decoder in the Prediction Adder 455 (P and 
B frames) . During MPEG decoding, frame reordering data 

20 must also be fetched for I and P frames so that the output 
frames are in the correct order, the reordered data being 
inserted into the stream in the Read Rudder block 4 56. 

The Address Generator 452 generates separate addresses 
for forward and backward predictions, reorder, read and 

2 5 write-back, the data which is written back being split from 

the stream in the Write Rudder block 457. Finally, data is 
resynchronized to the external clock in the Output 
Interface Block 4 58. 

All the major blocks in the Temporal Decoder are 
30 connected to the internal microprocessor interface (UPI) 
bus. This is derived from the external microprocessor 
interface (MPI) bus in the Microprocessor Interface block 
4 59. This block has address decodes for the various blocks 
in the chip associated with it. Also associated with the 

3 5 microprocessor interface is the event logic. 

The rest of the logic of the Temporal Decoder is 
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concerned primarily with test. First, the IEE 1149.1 
(JTAG) interface 4 60 provides an interface to internal scan 
paths as well as to JTAG boundary-scan features. Secondly, 
two-wire interface stages which allow intrusive access to 
the data flow via the microprocessor interface while in 
test mode are included at strategic points in the pipeline 
architecture. 
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SECTION B.ll Clocking, Test and Related Issues 
B.ll.i Clock Regimes 

Before considering the individual functional blocks 

. : e cioc; :::° m " is heipfui <° — - ^-1^:: 

lLen°t he : 9 S """" ^ =hiP "lationsMp 
During normal operation. moS t blocks of the chip run 
synchronously to the signal pllsysclk fron J*"^ 
locked-loop (PLL) block. The exception to this is the dram 
interface whose tiding is governed by the need to ^ 
synchronous to the ifti.e sub-block, which generates the 
DRAM control signals (notwe. notoe. notcas. notras, . The 
core of this block is clocked by the two-phase nl- 
=verla Pplng clocks clko and clki. which are derived frl 

he PLL 2T Cl ° CkS SUPPUSd i^pendently fro! 

tne PLL ckio, ckil and clkqo, ckql 

asynXT ^ ^ -"rface clocks are 

asynchronous to the clocks in the rest of the chip 
measures have been taken i-« «•» • • c "iP, 
Hetastable h , akSn t0 ellmnate the possibility of 

rnezastaDle behavior ( * c ^ ^ ^ . 

interfaces between thV ^JZ^ ThV^ oV £ 

^ Th in=r":r — — - ::: 

i ^ e Address Generator- 

(ad drgen/predread/psgsync< addrgen I *"l or 

addr g er,ip_rd 2/S yncl8) and in ^ block " which y contr ^ 
winging of the swing-buffer ^ in the DRAM 

svncn ° n ^ DRAM Interfa -)- m each case, the 

synchronization process is achieved by me ans of ^rel 

metastable-hard flip-flops in series rr I 

that thic series. it should be noted 

that this means that clko/clkl are used in ^ . . 

_ ^, usea m the output 

sta ge s of the Address Generator. 

In addition to these coiriDletelv a ~ 
reoim(Se completely asynchronous clock 

regimes, there are a number of separate ^ n „ 
which ««« ^ separate clock generators 

which generate two-phase non-over lanni n„ , 
frnm overlapping clocks (phO, phi) 

from pllsysclk. The Address Generator p» ^ • • 
and np»M r ^ rator ' Prediction Filters 

and DRAM Interface each have their own „i ^ 
the r- ow ,= • ^ ^ r OWn clock generators; 

the remainder of the chip i s run 

* un off a common clock 



generator. The reasons for this are twofold. First, it 
reduces the capacitive load on individual clock generators, 
allowing smaller clock drivers and reduced clock routing 
widths. Second, each scan path is controlled by a clock 
generator, so increasing the number of clock generators 
allows shorter scan-paths to be used. 

It is necessary to resynchronize signals which are driven 
across these clock-regime boundaries because the minor 
skews between the non-overlapping clocks derived from 
different clock generators could mean that underlap 
occurred at the interfaces. Circuitry built into each 
"Snooper" block (see Section B.li.4) ensures that this does 
not occur, and Snooper blocks have been placed at the 
boundaries between all the clock regimes, excepting at the 
front of the Address Generator, where the ^synchronization 
is performed in the Token Decode block. 
B.11.2 Control of Clocks 

Each standard clock generator generates a number of 
different clocks which allow operation in normal mode and 
scan-test mode. The control of clocks in scan-test mode is 
described in detail elsewhere, but it is worth noting that 
several of the clocks generated by a clock generator (tpho, 
tphl, tckm, tcks) do not usually appear to be joined to any 
primitive symbols on the schematics. This is because scan 
paths are generated automatically by a post-processor which 
correctly connects these clocks. From a functional point 
of view, the fact that the post-processor has connected 
different clocks from those shown on the schematics can be 
ignored; the behavior is the same. 

During normal operation, the master clocks can be derived 
in a number of different ways. Table B.li.i indicates how 
various modes can be selected depending on the states of > 
the pins pllselect and override. 
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pllselect 


override 


Mode 


0 


0 


pllsysclk is connected directly to external sysclk, 
bypassing the PLU; ORAM Interface clocks (ckiO, ckil, 
ckqO, ckql) are controlled directly from the pins ti and tq. 


0 


1 


Override mode - phO and phi clocks are controlled 
directly from pins tphoish and tphlish; DRAM interface 
clocks (ckiO, cki1, ckqO, ckql) are controlled directly 
from the pins tl and tq. 


1 


0 


Normal operation, pllsysclk is the clock generated by the 
PLU DRAM Interface clocks are generated by the PLL. 


1 


1 


External resistors connected to ti and tq are used instead 
of the internal resistors (debug only). 



Table B.ll.l Clock Control Modes 



B.11.3 The Two-wire Interface 

The overall functionality of the two-wire interface is 
described in detail in the Technical Reference. However, 
5 the two-wire interface is used for all block-to-block 
communication within the Temporal Decoder and most blocks 
consist of a number of pipeline stages, all of which are 
themselves two-wire interface stages. It is, therefore, 
essential to understand the internal implementation of the 
10 two-wire interface in order to be able to interpret many of 
the schematics. In general, these internal pipeline stages 
are structured as shown in Figure 143. 
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Figure 14 3 shows a latch-logic-latch representation as 
this is the configuration which is normally used. However, 
when a number of stages are put together, it is equally 
valid to think of a "stage" as being latch-latch-logic (for 
5 many engineers a more familiar model) . The use of the 
latch-logic-latch configuration allows all inter-block 
communication to be latch to latch, without any intervening 
logic in either the sending or receiving block. 

Referring again to Figure 143, a simple two-wire 

10 interface FIFO stage can be constructed by removing the 
logic block, connecting the data and valid signals directly 
between the latches and the latched in_valid directly into 
the NOR gate on the input to the in_accept latch in the 
same way as out_valid and out_accept are gated. Data and 

15 valid signals then propagate when the corresponding accept 
signal is high. By ORing in__valid with out_accept — reg in 
the manner shown, data will be accepted if in_valid in low, 
even if out_accept_reg is low. In this way gaps (data with 
the valid bit low) are removed from the pipeline whenever 

2 0 a stall (accept signal low) occurs. 

With the logic block inserted, as shown in Figure 143, 
in__accept and out_valid may also be dependent on the data 
or the state of the block. In the configuration shown, it 
is standard for any state within the block to be held in 
25 master-slave devices with the master enabled by phi and the 
slave enabled by phO. 
B.11.4 Snooper Blocks 

Snooper blocks enable access to the data stream at 
various points in the chip via the Microprocessor 

3 0 Interface. There are two types of snooper blocks. 

Ordinary Snoopers can only be accessed in test mode where 
the clocks can be controlled directly. "Super Snoopers" 
can be accessed while the clocks are running and contain 
circuitry which synchronizes the asynchronous data from the 
35 Microprocessor bus to the internal chip clocks. Table 
B.11.2 lists the locations and types of all Snoopers in the 
Tempor a 1 Decoder . 
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1 

j Location 


Type 


; accrgervvec_proe/snoopr3i 


! Snooper 


• addrgervcr;t^ioe/midsno 


Snooper 


| aadngervcnt_pioe/endsnp 


Snooper 


! acdrgervofecreaa/snoop24-4 


Snooper 


! accrgervio_wrt2.'superziO 


Super Snooper 


j adargerv1c_'S2/suoerzlO 


Super Snooper 



Table B.11.2 Snoopers in Temporal Decoder. 



Snooper 



dramx/dramif/ifsnoops/snoopzlS (bsnp) 


Snooper 


dramx/drarnif/tfsnooosfsuperz9 


| Super Snooper 


wruader/superzS 


| Super Snooper 


pflis'fwcflt/dimbutt/snoopkl 3 


Snooper 


pnts/bwoflt.dim&uft/snoopk 1 3 


Snooper 


pflts'snocpz9 


Snooper 



Table B.11.2 Snoopers in Temporal Decoder 

Details on the use of both Snoopers are contained in the 
test section. Details of the operation of the JTAG 
interface are contained in the JTAG document. 
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SECTION B.12 Functional Blocks 

B.12.1 Top Fork 

The Top For*, in accordance with the present invention 
serve, two different functions. First, it forks the data 
stream lnto two separate stream: one to the Address 
generator and the other to the FIFO. Second, it provide" 
the „eans of starting and stopping the chip so that the 
chip can be configured. 

The for* part aspect of the component is very simple. 

™ I™* 3 ** " PreS6nted t0 »°« «>• Address Generator 
and t he FIFO, and has to have been accepted by both blocks 
before an accept is sent back to the previous stage. Thus 
the v lld of the two branches of the for. are dependent on 
^ the accepts from the other branch. If the chip is in a 
" St ;r\ S ""' °» <° — ranches are held low. 

untuVh T" ^ in 3 Sta " " here 4 »-««Pt is held low 
data is ° 0nfl9Ure Mt is •« "i,h. This ensures that no 
data x . accepted until the user has configured the chip. 
If the^user needs to configure the chip at any other tim! 

f^lows UrrSnt Strea "- Th * P«c... is as 

DIf the configure bit has been set, do not 
accept any more data after a flush token has 
been detected by the Top Fork. 

2) The chip will have finished processing the 
stream when the FLUSH Token reaches the Read 
Rudder. This causes the signal seq_done to go 
high. ' . 

3) When seq_done goes high, set an event fait which 
can be read by the Microprocessor. The event 
signal can be masked by the Event block. 

B.12. 2 Address Generator 

In the present invention, the address generator (addrgen) 
15 res P° nsib le for counting the numbers of blocks within a 
rame, and for generating the correct sequence of addresses 
for DRAM data transfers. The address generator's input is 
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the token stream from the token input port (via topfork) , 
and its output to the DRAM interface consists of addresses 
and other information, controlled by a request/acknowledge 
protocol . 

The principal sections of the address generator are: 

• token decode 

• block counting and generation of the DRAM block 
address 

•conversion of motion vector data into an address 
offset 

• request and address generator for prediction 
transfers 

■ reorder read address generator 

• write address generator 

B. 12. 2.1 Token Decode (tofcdec) 

In the Token Decoder, tokens associated with coding 
standards, frame and block information and motion vectors 
are decoded. The information extracted from the stream is 
stored in a set of registers which may also be accessed via 
the upi. The detection of a DATA token header is signalled 
to subsequent blocks to enable block counting and address 
generation. Nothing happens when running JPEG. 

List of tokens decoded: 

• CODING_STANDARD 

• DATA 

• DEFINE_MAX_SAMPLING 

• DEFINE_SAMPLING 

• HORI ZONTAL_MBS 

• MVD_BACKWARDS 

• MVD_FORWARDS 

• P I CTURE_START 

• PICTURE_TYPE 

• PREDICTION_MODE 

This block also combines information from the request 
generators to control the toggling of the frame pointers 
and to stall the input stream. The stream is stalled when 
a new frame appears at the input (in the form of a 
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P I CTURE_START token) but the writeback or reorder read 
associated with the previous frame is incomplete. 
B. 12.2.2 Mac rob lock Counter (mblkcntr) 

The macroblock counter of the present invention consists 
5 of four basic counters which point to the horizontal and 
vertical position of the macroblock in the frame and to the 
horizontal and vertical position of the block within the 
macroblock. At the beginning of time, and on each 
PICTURE_START , all counters are reset to zero. As DATA 
10 Token headers arrive, the counters increment and reset 
according to the color component number in the token header 
and the frame structure. This frame structure is described 
by the sampling registers in the token decoder. 

For a given color component, the counting proceeds as 
15 follows. The horizontal block count is incremented on each 
new DATA Token of the same component until it reaches the 
width of the macroblock, and then it resets. The vertical 
block count is incremented by this reset until it reaches 
the height of the macroblock, and then it resets. When 
this happens, the next color component is expected. Hence, 
this sequence is repeated for each of the components in the 
macroblock - the horizontal and vertical size of the 
macroblock, possibly being different for each component. 
If, for any component, fewer blocks are received than are 
25- expected, the count will still proceed to the next 
component without error. 

When the color component of the DATA Token is lfess than 
the expected value, the horizontal macroblock count is 
incremented. (Note that this will also occur when more 
3 0 than the expected number of blocks appear for a given color 
component, as the counters will then be expecting a higher 
component index.) This horizontal count is reset when the 
count reaches the picture width in macroblocks. This reset 
increments the vertical macroblock count. 
35 There is a further ability to count macroblocks in H.261 

CIF format. In this case, there is an extra level 
hierarchy between macroblocks and the picture called the 
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group of blocks. This is eleven macroblocks wide and three 
deep, and a picture is always two groups wide. The token 
decoder extracts the CIF bit from the PICTUREJTYPE token 
and passes this to the macroblock counter to instruct it to 
5 count groups of blocks. Instances of too few or too many 
blocks per component will provoke similar reactions as 
above . 

B.12.2.3 Block Calculation (blkcalc) 

The Block calculation converts the macroblock and block- 
10 within-macroblock coordinates into coordinates for the 
block's position in the picture, i.e., it knocks out the 
level of hierarchy. This, of course, has to take into 
account the sampling ratios of the different color 
components . 

15 B.12.2.4 Base block Address (bsblkadr) 

The information from the blkcalc, together with the color 
component offsets, is used to calculate the block address 
within the linear DRAM address space. Essentially, for a 
given color component, the linear block address is the 

20 number of blocks down times the width of the picture plus 
the number of blocks long. This is added to the color 
component offset to form the base block address. 
B.12.2.5 Vector Offset (vec_pipe) 

The motion vector information presented by the token 

25 decoder is in the form of horizontal and vertical pixel 
offset coordinates. That is, for each of the forward and 
backward vectors there is an (x,y) which gives the 
displacement in half -pixels from the block being formed to 
the_ block from which it is being predicted. Note that 

3 0 these coordinates may be positive or negative. They are 
first scaled according to the sampling of each color 
component, and used to form the block and new pixel offset 
coordinates . 

In Figure 14 5, the shaded area represents the block that 
3 5 is being formed. The dotted outline is the block from 
which it is being predicted. The big arrow shows the block 
offset - the horizontal and vertical vector to the DRAM 



block that contains the prediction block's origin - in this 
case (1,4). The small arrow shows the new pixel offset - 
the position of the prediction block origin within that 
DRAM block. As the DRAM block is 8x8 bytes, the pixel 
offset looks to be (7,2). 

The multiplier array vmarrla then converts the block 
vector offset into a linear vector offset. The pixel 
information is passed to the prediction request generator 
as an (x,y) coordinate (pix_info) . 
B.12.2.6 Prediction Requests 

The frame pointer, base block address and vector offset 
are added to form the address of the block to be fetched 
from the DRAM (Inblkad3). If the pixel offset is zero, 
only one request is generated. If there is an offset in 
either the x OR y dimension, then two requests are 
generated - the original block address and the one either 
immediately to the right or immediately below. with an 
offset in both x and y, four requests are generated. 

Synchronization between the chip clock regime and the 
DRAM interface clock regime takes place between the first 
addition (Inblkad3) and the state machine that generates 
the appropriate requests. Thus, the state machine 
(psgstate) is clocked by the DRAM interface clocks, and its 
scanned elements form part of the DRAM interface scan 
chain . 

B.12.2.7 Reorder Read Requests and Write Requests 

As there is no pixel offset involved here, each address 
is formed by adding the base block address to the relevant 
frame pointer. The reorder read uses the same frame store 
as the prediction and data is written back to the other 
frame store. Each block includes a short FIFO to store 
addresses as the transfer of read and write data is likely 
to lag the prediction transfer at the corresponding 
address. (This is because the read/write data interacts 
with stream further along the chip dataflow than the 
prediction data) . Each block also includes synchronization 
between the chip clock and the DRAM interface clock. 
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B.12.2.8 Offsets 

The DRAM is configured as two frame stores, each of which 
contains up to three color components. The frame store 
pointers and the color component offsets within each frame 
must be programmed via the upi. 
B . 12 . 2 . 9 Snoopers 

In the present invention, snoopers are positioned as 
follows : 

• Between blkcalc and bsblkadr - this interface comprises 
the horizontal and vertical block coordinates, the 
appropriate color component offset and the width of the 
picture in blocks (for that component) . 

•After bsblkadr - the base block address. 
•After vec_pipe - the linear block offset, the 
pixel offset within the block, together with 
information on the prediction mode, color component 
and H.2 61 operation. 

•After Inblkad3 - the physical block address, as 
described under "Prediction Requests". 

Super snoopers are located in the reorder read and write 
request generators for use during testing of the external 
DRAM. See the DRAM Interface section for all the details. 
B. 12. 2. 10 Scan 

The addrgen block has its own scan chain, the clocking of 
which is controlled by the block's own clock generator 
(adclkgen) . Note that the request generators at the back 
end of the block fall within the DRAM interface clock 
regime. 

B.12.3 "Prediction Filters 

The overall structure of the Prediction Filters, in 
accordance with the present invention, is shown in Figure 
146. The forward and backward filters are identical and 
filter the MPEG forward and backward prediction blocks. 
Only the forward filter is used in H.261 mode (the h261_on 
input of the backward filter should be permanently low 
because H.261 streams do not contain backward predictions) . 
The entire Prediction Filters block is composed of 
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pipelines of two-wire interface stages. 
B. 12.3.1 A Prediction Filter 

Each Prediction Filter acts completely independently of 
the other, processing data as soon as valid data appears at 
its input. it can be seen from Figure 147 that a 
Prediction Filter consists of four separate blocks, two of 
which are identical. It is best if the operation of these 
blocks is described independently for MPEG and H.261 
operation. H.261 being the more complex, is described 
first. 

B. 12. 3. l.i H.261 Operation 

The one-dimensional filter equation used is as follows: 

F : = 4 •-±(\<i<6) 

Ff = x .^otherwise) 



This is applied to each row of the 8x8 block by the x 
Prediction Filter and to each column by the y Prediction 
Filter. The mechanism by which this is achieved is 
illustrated in Figure 148, which is basically a 
representation of the pfltldd schematic. The filter 
consists of three two-wire interface pipeline stages. For 
the first and last pixels in a row, registers A and C are 
reset and the data passes unaltered through registers B, D 
and F (the contents of B and D being added to zero). The 
control of Bx2mux is set so that the output of register B 
is shifted left by one. This shifting is in addition to 
the one place which it is always shifted in any event. 
Thus, all values are multiplied by 4 (more of this later) . 
For all other pixels, x i+1 is loaded into register C, X; into 
register B and x^ into register A. It can be seen from 
Figure 148 that the H.261 filter equation is then 
implemented. Because vertical filtering is performed in 
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horizontal groups of three (see notes on the Dimension 
Buffer, below) there is no need to treat the first and last 
pixels in a row differently. The control and the counting 
of the pixels within a row is performed by the control 
logic associated with each 1-D filter. it should be noted 
that the result has not been divided by 4. Division by 16 
(shift right by 4) is performed at the input of the 
Prediction Filters Adder (Section B.12.4.2) after both 
horizontal and vertical filtering has been performed, so 
that arithmetic accuracy is not lost. Registers DA, DD and 
DF pass control information down the pipeline. This 
includes h2 61_on and last_byte. 

Of the other blocks found in the Prediction Filter, the 
function of the Formatter is merely to ensure that data is 
presented to the x-filter in the correct order. It can be 
seen above that this merely requires a three-stage shift 
register, the first stage being connected to the input- of 
register C, the second to register B and the third to 
register A. 

20 Between the x and y filters, the Dimension Buffer buffers 

data so that groups of three vertical pixels are presented 
to the y-filter. These groups of three are still processed 
horizontally, however, so that no transposition occurs 
within the Prediction Filters. Referring to Figure 149, 

25 the sequence in which pixels are output from the Dimension 
Buffer is illustrated in Table B.12.1. 
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Table B.12.1: H.261 Dimension Buffer Sequence 

Least row of pixels from previous block or invalid 
data if there was no previous block (or if there 
was 

a long gap between blocks.) 

F(x) indicates the function in H.261 filter 
equation. 
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B. 12. 3.1 .? MPEG Op ar«H ftw 



silT'h 5 .r" 0 , ° Perati ° n ' " action Filter p erforms . 
simple half pel interpolation: 



i ~ 



F ' = 2 -(0</<8,half pg /) 



F t = x. (0 <, i < 7, \nteqet pel) 
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This is the default filter operation unless the h26i on 
input is low. if the signal dim into a i- D filter is low 
then integer pel interpolation will be performed. 
Accordingly, if h 26l_on is low and xdim and ydim are low, 
all pixels are passed straight through without filtering. 
It is an obvious requirement that when the dim signal into 
a 1-D filter is high, the rows (or columns) will be 8 
pixels wide (or high). This is summarized in Table B.12 2 
Referring to Figure 148, «i-d Prediction Filter,", the 



h261_on 


xdim 


ydim 


Function 


0 


0 


0 




0 


0 


1 


MPEG 8x9 block 


0 


1 


0 


MPEG 9x8 block 


0 


1 


1 


MPEG 9x9 block 


1 


0 


0 


H.261 Low-pass Filter 


1 


0 


1 


Illegal 


1 


1 


0 


Illegal 


1 


1 


1 


Illegal j 



Table B.12. 2 i-d Filter Operation 
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operation of the 1-D filter is the same for MPEG inter pel 
as it is for the first and last pixels in a row in H.261. 
For MPEG half-pel operation, register A is permanently 
reset and the output of register C is shifted left by 1 
5 (the output of register B is always shifted left by 1 
anyway). Thus, after a couple of clocks register F 
contains (2B +2C) , four times the required result, but this 
is taken care of at the input of the Prediction Filters 
Adder, where the number, having passed through both x and 
10 y filters, is shifted right by 4. 

The function of the Formatter and Dimension Buffer are 
also simpler in MPEG. The formatter must collect two valid 
pixels before passing them to the x-filter for half-pel 
interpolation; the Dimension Buffer only needs to buffer 
15 one row. it is worth noting that after data has passed 
through the x-filter, there can only ever be 8 pixels in a 
row, because the filtering operation converts 9-pixel rows 
into s-pixel rows. "Lost" pixels are replaced by gaps in 
the data stream. When performing half-pel interpolation, 
the x-filter inserts a gap at the end of each row (after 
every 8 pixels) ; the y-f ilter inserts 8 gaps at the end of 
the block. This is significant because the group of 8 or 
9 gaps at the end of a block align with DATA Token headers 
and other tokens between DATA Tokens in the stream coming 

2 5 out of the FIFO. This minimizes the. worst-case throughput 

of the chip which occurs when 9x9 blocks are being 
filtered. 

B.12.3.2 The Prediction Filters Adder. 

During MPEG operation, predictions may be formed using an 
earlier picture, a later picture, or the average of the 
two. Predictions formed from an earlier frame termed 
forward predictions and those formed from a later frame are 
called backward predictions. The function of the 

Prediction Filters Adder (pfadd) is to determine which 

3 5 filtered prediction values are being used (forward, 

backward or both) and either pass through the forward or 
backward filtered predictions or the average of the two 



20 



30 



558 

(rounded towards positive infinity) . 

The prediction mode can only change between blocks, i.e., 
at power-up or after the fwd_lst_byte and/or bwd_lst_byte 
signals are active, indicating the last byte of the current 
prediction block. if the current block is a forward 
prediction then only fwd_lst_byte is examined. if it is a 
backward prediction then only bwd_lst_byte is examined. If 
it is a bidirectional prediction, then both fwd_ist_byte 
and bwd_lst_byte are examined. 

The signals fwd_on and bwd_on determine which prediction 
values are used. At any time, either both or neither of 
these signals may be active. At start-up, or if there is 
a gap when no valid data is present at the inputs of the 
block, the block enters a state when neither signal is 
active . 

Two criteria are used to determine the prediction mode 
for the next block: the signals fwd_ima_twin and 
bwd_ima_twin, which indicate whether a forward or backward 
block is part of a bidirectional prediction pair, and the 
buses fwd_p_num[l:0] and bwd_p_num [ 1 : 0 ] . These buses 
contain numbers which increment by one for each new 
prediction block or pair of prediction blocks. These 
blocks are necessary because, for example, if there are two 
forward prediction blocks followed by a bidirectional 
prediction block, the DRAM interface can fetch the backward 
block of the bidirectional prediction sufficiently far 
ahead so that it reaches the input of the Prediction 
Filters Adder before the second of the forward prediction 
blocks. Similarly, other sequences of backward and forward 
predictions can get out of sequence at the input of the 
Prediction Filters Adder. Thus, the next prediction mode 
is determined as follows: 

l)If valid forward data is present and 
fwd_ima_twin is high, then the block stalls until 
valid backward data arrives with bwd_ima_twin 
set and then it goes through the blocks averaging 
each pair of prediction values. 
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2) If valid backward data is present and 
bwd_ima_twin is high, then the block stalls until 
valid forward data arrives with fwd_ima_twin set 
and then it proceeds as above. If forward and 
backward data are valid together, there is no 
stall . 

3) If valid forward data is present, but 
fwd_ima_twin is not set, then fwd_p_num is 
examined. If this equals the number from the 
previous prediction plus one (stored in 
pred_num) then the prediction mode is set to 
forward . 

4) If valid backward data is present but 
bwd_ima_twin is not set, then bwd_p_num is 

15 examined. if this equals the number from the 

previous prediction plus one (stored in 
pred_num) then the prediction mode is set to 
backward. 

Note that "early_valid» signals from one stage back in 
the pipeline are used so that the Prediction Filters Adder 
mode can be set up before the first data from a new block 
arrives. This ensures that no stalls are introduced into 
the pipeline. 

The ima_twin and pred_num signals are not passed along 
the forward and backward prediction filter pipelines with 
the filtered data. This is because: 

1) These signals are only examined when 
fwd_ist_byte and/or bwd_lst_byte are valid. 
This saves about 25 three-bit pipeline stages in 

30 each prediction filter. 

2) The signals remain valid throughout a block 
and, therefore, are valid at the time when 

fwd_lst_byte 

and/or bwd_lst_byte reach the Prediction Filters 
35 Adder. 

3) The signals are examined a clock before data 
arrives anyway. 
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B.12.4 Prediction Adder and FIFO 

The prediction adder (padder) forms the predicted frame 
by adding the data from the prediction filters to the error 
data. To compensate for the delay from the input through 
the address generator, DRAM interface and prediction 
f i Iters , the error data passes through a 2 56 word FIFO 
(sfifo) before reaching padder. 

The CODING_STANDARD, PREDICTION_MODE and DATA Tokens are 
decoded to determine when a predicted block is being 
formed. The 8-bit prediction data is added to the 9-bit 
two's complement error data in the DATA Token. The result 
is restricted to the range 0 to 255 and passes to the next 
block. Note that this data restriction also applies to all 
intra-coded data, including JPEG. 

The prediction adder of the present invention also 
includes a mechanism to detect mismatches in the data 
arriving from the FIFO and the prediction filters. In 
theory, the amount of data from the filters should exactly 
correspond to the number of DATA Tokens from the FIFO which 
involve prediction. In the event of a serious malfunction, 
however, padder will attempt to recover. 

The end of the data blocks from the FIFO and filters are 
marked, respectively , by the in_extn and fl_last inputs. 
Where the end of the filter data is detected before the end 
of the DATA Token, the remainder of the token continues to 
the output unchanged. If, on the other hand, the filter 
block is longer than the DATA Token, the input is stalled 
until all the extra filter data has been accepted and 
discarded. 

There is no snooper in either the FIFO or the prediction 
adder, as the chip can be configured to pass data from the 
token input port directly to these blocks, and to pass 
their output directly to the token output port. 
B.12.5 write and Read Rudders 
B. 12.5.1 The Write Rudder (wrudder) 

The Write Rudder passes all tokens coming from the 
Prediction Adder on to the Read Rudder. It also passes all 



561 

data blocks in i or P pictures in MPEG , and all data blocks 
in H.261 to the DRAM interface so" that they can be written 
back into the external frame stores under the control of 
the Address Generator. All the primary functionality is 
contained within one two-wire interface stage, although the 
write-back data passes through a snooper on its way to the 
DRAM interface. 

The Write Rudder decodes the following tokens: 



Token Name 


Function in Write Rudder 


CODING.STANDARD 


Write-back is inhibited for JPEG streams. 


P!CTURE_TYPE 


Write-back only occurs In 1 and P frames, not B frames. 


DATA 


Only the data within DATA tokens is written back. 



B.12.3 Tokens Decoded by the Write Rudder 

After the DATA Token header has been detected, all data 
bytes are output to the DRAM Interface. The end of the 
DATA Token is detected by in_extn going low and this causes 
a flush signal to be sent to the DRAM Interface swing 
buffer. In normal operation, this will align with the 
point when the swing buffer would swing anyway, but if the 
DATA Token does not contain 64 bytes of data this provides 
a recovery mechanism (although it is likely that the next 
few output pictures would be incorrect) 
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B.12.5.2 The Read Rudder (rrudder) 



fU n?, 6 ° f the PreSent in «n«°n has three 

functions, t h e two »,« ones reUtino to picture se q ue„ce 
reordering in MPEG: 

DTo insert data which has been read-back from 
the external frame store into the token stream 
at the correct places. 

2) To reorder picture header information in I 
and p pictures. 

3) To detect the end of a token stream by 
detecting the FLUSH token (see Section B.12.1 
"Top Fork") . ' 

The structure of the Read Rudder is illustrated in 
Figure 150. The entire block is made from standard tvo- 
yire interface technology. Tokens in the input interface 
latches are decoded and these decodes determine the 
operation of the block: 




PICTURE_START 



PICTURE.END 
TEMPORTAL.REFERENCE 



PICTURE_TYPE 
DATA 



Signals that the current output FIFO 



must be swapped (I or P pictures). 



The first of the pictu re header tokens. 
All tokens above the picture layer are allo wed through 
The second of the picture header tokens. 



The third of the picture header tokens. 



When reordering, the contents of DATA tokens are replaced with 
reordered data. 



Table B.12.4 Tokens decoded by the Read Rudder 
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The reorder function is turned on via the Microprocessor 
Interface, but is inhibited if the coding standard is not 
MPEG, regardless of the state of the register. The same 
MPI register controls whether the Address Generator 
generates a reorder address and thus, reorder is an output 
from this block. To understand how the Read Rudder works, 
consider the input and output control logic separately, 
bearing in mind that the sequence of tokens is as follows: 
CODING_STANDARD 
10 • SEQUENCE_START 

P I CTURE_START 
TEMPORAL_REFERENCE 
PICTURE_TYPE 

Picture containing DATA Tokens and other tokens 
15 • PICTURE_END 

PICTURE_START 

B.12.S .2.1 Input Control Logic 

20 From the power-up, all tokens pass into FIFO l (called 

the current input FIFO) until the first PICTURE_TYPE token 
for an I or P picture is encountered. FIFO 2 then becomes 
the current input FIFO and all input is directed to it 
until the next PICTURE_TYPE for an I or P picture is 

2 5 encountered and FIFO 1 becomes the current input FIFO 
again. Within I and P pictures, all tokens between 
PICTURE_TYPE and PICTURE_END, except DATA Tokens, are 
discarded. This is to prevent motion vectors, etc. from 
being associated with the wrong pictures in the reordered 

30 stream, where they would have no meaning. 

A three-bit code is put into the FIFO, along with the 
token stream, to indicate the presence of certain token 
headers. This saves having to perform token decoding on 
the output of the FIFOs. 

35 B. 12.5 ,2.2 Output Control Logic 

From the power-up, tokens are accepted from FIFO 1 
(called the current output FIFO) until a picture start code 
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is encountered, after which FIFO 2 becomes the current 
output FIFO. Referring back to Section B. 12. 5. 2.1, it can 
be seen that at this stage the three picture header tokens, 
PICTURE_START, TEMPORAL_REFERENCE and PICTURE_START are 
retained in FIFO 1. The current output FIFO is swapped 
every time a picture start code is encountered in an I or 
P frame. Accordingly, the three picture header tokens are 
stored until the next I or P frame, at which time they will 
become associated with the correctly reordered data. B 
pictures are not reordered and, hence, pass through without 
any tokens being discarded. All tokens in the first 
picture, including PICTURE_END are discarded. 

During I and P pictures, the data contained in DATA 
Tokens in the token stream is replaced by reordered data 
15 from the DRAM Interface. During the first picture, 
"reordered" data is still present at the reordered data 
input because the Address Generator still requests the DRAM 
Interface to fetch it. This is considered garbage and is 
discarded . 



10 
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15 
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SECTION B.13 The DRAM Interface 

B.13.1 Overview 

In the present invention, the Spatial Decoder, Temporal 
Decoder and Video Formatter each contain a DRAM Interface 
block for that particular chip. In all three devices, the 
function of the DRAM Interface is to transfer data from the 
chip to the external DRAM and from the external DRAM into 
the chip via block addresses' supplied by an address 
generator . 

The DRAM Interface typically operates from a clock which 
is asynchronous to both the address generator and to the 
clocks of the various blocks through which data is passed. 

This asynchronism is readily managed, however, because the 
clocks are operating at approximately the same frequency. 

Data is usually transferred between the DRAM Interface 
and the rest of the chip in blocks of 64 bytes (the only 
exception being prediction data in the Temporal Decoder) . 
Transfers take place by means of a device known as a "swing 
buffer". This is essentially a pair of RAMs operated in a 
20 double-buffered configuration, with the DRAM interface 
filling or emptying one RAM while another part of the chip 
empties or fills the other RAM. A separate bus which 
carries an address from an address generator is associated 
with each swing buffer. 
25 Each of the chips has four swing buffers, but the 

function of these swing buffers is different in each case. 
In the Spatial Decoder, one swing buffer is used to 
transfer coded data to the DRAM, another to read coded data 
from the DRAM, the third to transfer tokenized data to the 
30 DRAM and the fourth to read tokenized data from the DRAM. 
In the Temporal Decoder, one swing buffer is used to write 
Intra or Predicted picture data to the DRAM, the second to 
read Intra or Predicted data from the DRAM and the other 
two to read Intra or Predicted data from the DRAM and the 
3 5 other two to read forward and backward prediction data. In 
the Video Formatter, one swing buffer is used to transfer 
data to the DRAM and the other three are used to read data 
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from the DRAM, one of each of Luminance (Y) and the Red and 
Blue color difference data (Cr and Cb respectively) . 

The operation of the generic features of the DRAM 
Interface is described in the Spatial Decoder document. 
5 The following section describes the features peculiar to 
the Temporal Decoder. 

B.13.2 The Temporal Decoder DRAM Interface 

As mentioned in section B.13.1, the Temporal Decoder has 
four swing buffers: two are used to read and write decoded 

10 Intra and Predicted (I and P) picture data and these 
operate as described above. The other two are used to 
fetch prediction data. 

In general, prediction data will be offset from the 
position of the block being processed as specified by 

15 motion vectors in x and y. Thus, the block of data to be 
fetched will not generally correspond to the block 
boundaries of the data as it was encoded (and written into 
the DRAM) . This is illustrated in Figures 151 and 25, 
where the shaded area represents the block that is being 

20 formed. The dotted outline shows the block from which it 
is being predicted. The address generator converts the 
address specified by the motion vectors to a block offset 
(a whole number of blocks) , as shown by the big arrow, and 
a pixel offset, as shown by the little arrow. 

25 In the address generator, the frame pointer, base block 

address and vector offset are added to form the address of 
the block to be fetched from the DRAM. If the pixel offset 
is zero, only one request is generated. If there is an 
offset in either the x or y dimension, then two requests 

30 are generated - the original block address and the one 
either immediately to the right or immediately below. With 
an offset in both x and y, four requests are generated. 
For each block which is to be fetched, the address 
generator calculates start and stop addresses parameters 

35 and passes these to the DRAM interface. The use of these 
start and stop addresses is best illustrated by an example, 
as outlined below. 
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Consider a pixel offset of (1, 1), as illustrated by the 
shaded area in Fig. 152 and Fig. 26. The address generator 
makes four requests, labelled A through D in the figure. 
The problem to be solved is how to provide the required 
5 sequence of row addresses quickly. The solution is to use 
"start /stop" technology, and this is described below. 

Consider block A in Figure 152. Reading must start at 
position (1, 1) and end at position (7, 7). Assume for the 
moment that one byte is being read at a time (i.e. an 8 bit 

10 DRAM Interface). The x value in the coordinate pair forms 
the three LSBs of the address, the y value the three MSBs. 
The x and y start values are both 1, giving the address 9. 
Data is read from this address and the x value is 
incremented. The process is repeated until the x value 

15 reaches its stop value. At this point, the y value is 
incremented by 1 and the x start value is reloaded, giving 
an address of 17. As each byte of data is read, the x 
value is again incremented until it reaches its stop value. 
The process is repeated until both x and y values have 

20 reached their stop values. Thus, the address sequence of 
9, 10, 11, 12, 13, 14, 15, 17, 23, 25, 31, 33, 

. . . , . . . , 57, . . . , 63 is generated. 

In a similar manner, the start and stop coordinates for 
block B are: (1, 0) and (7, 0), for block C: (0,1) and 

25 (0,7), and for block D: (0, 0) and (0, 0). 

The next issue is where this data should be written. 
Clearly, looking at block A, the data read from address 9 
should be written to address 0 in the swing buffer, the 
data from address 10 to address 15 in the swing buffer, and 

30 so on. Similarly, the data read from address 8 in block B ( 
should be written to address 15 in the swing buffer and the 
data from address 16 into address 15 in the swing buffer. 
This function turns out to have a very simple 
implementation as outlined below. 

35 Consider block A. At the start of reading, the swing 

buffer address register is loaded with the inverse of the 
stop value, the y inverse stop value forming the 3 MSBs and 
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the x inverse stop value forming the 3 LSBs. In this case, 
while the DRAM Interface is reading address 9 in the 
external DRAM, the swing buffer address is zero. The swing 
buffer address register is then incremented as the external 
DRAM address register is incremented, as illustrated in 
Table B. 13 . 1 : 

Table B.13,1 Illustration of Prediction Addressing 




The discussion thus far has centered on an 8 bit DRAM 
Interface. In the case of a 16 or 32 bit interface, a few 
minor modifications must be made. First, the pixel offset 
vector must be "clipped" so that it points to a 16 or 32 
bit boundary. In the example we have been using, for block 
A, the first DRAM read will point to address 0, and data in 
addresses 0 through 3 will be read. Next, the unwanted 
data must be discarded. This is performed by writing all 
the data into the swing buffer (which must now be 
physically bigger than was necessary in the 8 bit case) and 
reading with an offset. When performing MPEG half-pel 
interpolation, 9 bytes in x and/or y must be read from the 
DRAM Interface. In this case, the address generator 
provides the appropriate start and stop addresses and some 
additional logic* in the DRAM Interface is used, but there 
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is no fundamental change in the way the DRAM Interface 
operates. 

The final point to note about the Temporal Decoder DRAM 
interface is that additional information must be provided 
to the prediction filters to indicate what processing is 
required on the data. This consists of the following: 
a "last byte" signal indicating the last byte of a 

transfer (of 64, 72 or 81 bytes) 

• an H. 261 flag 

• a bidirectional prediction flag 

two bits to indicate the block's dimensions (8 or 9 
bytes in x and y) 

• a two bit number to indicate the order of the blocks 
The last byte flag can be generated as the data is read 

out of the swing buffer. The other signals are derived 
from the address generator and are piped through the DRAM 
interface so that they are associated with the correct 
block of data as it is read out of the swing buffer by the 
prediction filter block. 
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SECTION B.14 UPI Documentation 
B . 14 . l Introduction 

This document is intended to give the reader 
appreciation of the operation of the microprocessor 
interface in accordance with the present invention. The 
interface is basically the same on both the SPATIAL DECODER 
and the Temporal Decoder, the only difference being the 
number of address lines. 

The logic described here is purely the microprocessor 
internal logic. The relevant schematics are: 

UPI 

UPHOl 

UPI102 

DINLOGIC 

DINCELL 

UPIN 

TDET 

NONOVRLP 
WRTGEN 
READGEN 
VREFCKT 

The circuits UPI , UPI101, UPI102 are all the same except 
that the UPI01 has a 7 bit address input with the 8th bit 
hardwired to ground, while the other two have an 8 bit 
address input. 

Input/Outpu t Signals 

The signals described here are a list of all the inputs 
and outputs (defined with respect to the UPI) to the UPI 
module with a note detailing the source or destination of 
these signals: 

NOTRSTInputGlobal chip reset, active low, from Pad 
Input Driver 

EllnputEnable signal 1, active low, from the Pad 
Input Driver (Schmitt) . 

E2 1nputEnable signal 2, active low, from the Pad 
Input Driver (Schmitt). 

RNOTWlnputRead not Write signal from the Pad Input 



Driver (Schmitt) . 

ADDRIN[7:0]InputAddress bus signals from the Pad 
Input Drivers (Schmitt) . 

NOTDIN [ 7:0] Input Input data bus from the Input Pad 
Drivers of the Bi-directional Microprocessor Data 
pins (TTLin) . 

INT_RNOTWOutputThe Internal Read not Write signal to 
the internal circuitry being accessed by 
microprocessor interface (See memory map) . 
INT_ADDR[7: 0 ] OutputThe Internal Address Bus to all 
the circuits being accessed by the microprocessor 
interface (See memory map) . 

INTDBUS [7:0] Input/ OutputThe Internal Data bus to all the 
circuits being accessed by the microprocessor interface 
(See the memory map) and also the microprocessor data 
output pads. The internal Data bus transfers data which is 
the inverse to that on the pins of the chip. 

READ_STROutputAn is an internal timing signal which 
indicates a read of a location in the device memory map. 

WRiTE_STROutputAn is an internal signal which indicates 
a write of a location in the internal memory map. 

TRISTATEDPADOutputAn is an internal signal which connects 
to the microprocessor data output pads which indicates that 
they should be tristate. 
General gQ"n»enta : 

The UPI schematic consists of 6 smaller modules: 
NONOVRLP, UPIN, DINLOGIC, VREFCKT, READGEN, WRTGEN. It 
should be noted from the overall list of signals that there 
are no clock signals associated with the microprocessor 
interface other than the microprocessor bus timing signals 
which are asynchronous to all the other timing signals on 
the chip. Therefore, no timing relationship should be 
assumed between the operation of the microprocessor and the 
rest of the device other than those that can be forced by 
external control. For example, stopping of the System 
clock externally while accessing the microprocessor 
interface on a test system. 



The other implication of not having a cloc* in the UPI is 
that so,e internal timing is self timed. That is thl 
To! SOmS Si?nalS iS to the £ 

' dat? 6 T" U fUn " i0n ° f thS ° PI iS to «>. address 

d a ; d T ble and read/write si9nais *"» «» -s : e 

world and format them so that they can drive the interna! 
circuits correctlv tk. • ^ nLernai 
aooess to th internal signals that define 

aocess to the memory map are INT RMOTW INT ADDRr , 

NTDBUS, , and READ.STR and W^STR." ^e ^min, 
relationship of these signals is shown below for a real 

th! d TV ""^ CyCle ' " Sh ° Uld bS n °" d "at although 
the datasheet definition and the following diagram always 

tha7 achip b r able cycle - the circuit ° per " ion iS 

cycled to T ^ 10 " thS add " s * «- - 

cycled to do successive read or write operations. This 

I™;;:. " «~«» <* the address transition 

WITe'^T ""v."" OC INT - RN0 ™ a " d the READ STR, 

ctrlltTto " redUnd "^- " -"o- interna! 

circuits to use either a separate READ STR and WRITE STR 
(and ignore INT_RNOTW) or to use the INT RHOTW and a 
separate strobe signal (Strobe signal being derived 
of READ_STR and WRITE_STR) . 

cycTe' and""^ 1 Hi *> -"in, a read 

cycle and it also has resistive pullups so that for 

It writ def ri Tt S """" inter " al da " *» 1S driln 

databus V, Z " ° XFF ""'"ion. As the internal 

transT, lnV " Se ° f ^ d " a °" "e pins, this 

translates to 0x00 on the e y rDr « al 

BnaK1 ^ Cne ext ernal pins, when they are 

enabled This means that, if any external cycle accesses 

memo " " 3 °' 3 rS9iSter Which is ' "ole in the 

memory map, then the output data id determinate and is Low. 
Circuit r.>», ;u. 

OPIN - 

This circuit is the overall C han rto * 

. cnange detect block. It 

contains a sub-circuit called tdet u/h<„k • 

ruET which is a single bit 



change detect circuit. UPIN has a TDET module for each 
address bit and rnotw and for each enable signal. UPIN 
also contains some combinatorial logic to gate together the 
outputs of the change detect circuits. This gating 
generates the signals: 

TRAN- which indicates a transition on one of the 
input signals, and 

UPD-DONE- which indicates that transitions have been 
completed and a cycle can be performed. 

CHIP_EN- which indicates that the chip has been selected. 

TDET- 

This is the single bit change detect circuit. it 
consists of a 2 latches, and 2 exclusive OR gates. The 
first latch is clocked by the signal SAMPLE and the second 
by the signal UPDATE. These two non-overlapping signals 
come from the module NONOVRLP . The general operation is 
such that an input transition causes a CHANGE which, in 
turn, causes a SAMPLE . All input changes while SAMPLE is 
high are accepted and when input changes cease then CHANGE 
goes low and SAMPLE goes low which causes UPDATE to go high 
which then transfers data to the output latch and indicates 
UPD_DONE . 
NONOVRLP- 

This circuit is basically a non-overlapping clock 
generator which inputs TRAN and generates SAMPLE and 
UPDATE . The external gating on the output of UPDATE stops 
UPDATE from going high until a write pulse has been 
completed. 

DINLOGIC- 

This module consists of eight instances of the data input 
circuit DINCELL and some gating to drive the TRISTATEPAD 
signal. This indicates that the output data port will only 
drive if Enablel is low, Enable2 is low, RnotW is high and 
the internal read_str is high. 

DINCELL- 

This circuit consists of the data input latch and a 
tristate driver to drive the internal databus. Data from 



the input pad is latched when the signal DATAHOLD is high 
and when both Enablel and Enable2 are low. The tristate 
driver drives the internal data bus whenever the internal 
signal INT_RNOTW is low. The internal databus precharge 
transistor and the bus pullup are also included in this 
module . 

WRTGEN- 

This module generates the WRITE_STR, and the latch signal 
DATAHOLD for the data latches. The write strobe is a self 
timed signal, however, the self time delay is defined in 
the VREFCKT. The output from the timing circuit RESETWRITE 
is used to terminate the WRITE_STR signal. It should be 
noted that the actual write pulse which writes a register 
only occurs after an access cycle is concluded. This is 
because the data input to the chip is sampled only on the 
back edge of the cycle. Hence, data is only valid after a 
normal access cycle has concluded. 

READGZN- 

This circuit, as its name suggests, generates the 
READ_STR and it also generates the PRECH signal which is 
used to precharge the internal databus. The PRECH signal 
is also a self timed signal whose period is dependant on 
VREFCKT and also on the voltage on the internal databus. 
The READ_STR is not self timed, but lasts from the end of 
the precharge period until the end of the cycle. The 
precharge circuitry uses inverters with their transfer 
characteristic biased so that they need a voltage of 
approximately 75% of supply before they invert. This 
circuit guarantees that the internal bus is correctly 
precharged before a READ_STR begins. In order to stop a 
PRECH pulse tending to zero width if the internal bus is 
already precharged, the timing circuit guarantees a 
minimum, width via the signal RESETREAD. 

VREFCKT- 

The VREFCKT is the only circuit which controls the self 
timing of the interface. Both the delays, 1/Width of 
WRITE_STR and 2 /width of PRECH, are controlled by a current 
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through a P transistor. The gate on this p. transistor is 
controlled by a signal VREF and this voltage is set by a 
diffusion resistor of 25K ohm. 
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SECTION CM Overview 
C . 1 . 1 . I ntr oduc t ion 

The structure of the image Formatter, in accordance with 
the present invention, is shown in Figure 155. There are 
5 two address generators, one for writing and one for 
reading, a buffer manager which supervises the two address 
generators and which provides frame-rate conversion, a data 
processing pipeline, including both vertical and horizontal 
unsamplers, color-space conversion and gamma correction, 

10 and a final control block which regulates the output of the 
processing pipeline. 
C.1.2 Buffer manager 

Tokens arriving at the input to the Image Formatter are 
buffered in the FIFO and then transferred into the buffer 

15 manager. This block detects the arrival of new pictures 
and determines the availability of a buffer in which to 
store each picture. If there is a buffer available, it is 
allocated to the arriving picture and its index is 
transferred to the write address generator. If there is no 

20 buffer available, the incoming picture will be stalled 
until one becomes available. All tokens are passed on to 
the write address generator. 

Each time the read address generator receives a VSYNC 
signal from the display system, a request is made to the 

25 buffer manager for a new display buffer index. If there is 
a buffer containing complete picture data, and that picture 
is deemed ready for display, then that buffer's index will 
be passed to the display address generator. If not, the 
buffer manager sends the index of the last buffer to be 

3 0 displayed. At start-up, zero is passed as the index until 
the first buffer is full. 

A picture is ready for display if its number (calculated 
as each picture is input) is greater than or equal to the 
picture number which is expected at the display 

35 (presentation number) given the encoding frame rate. The 
expected number is determined by counting picture clock 
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pulses, where picture clock can be generated either locally 
by the clock dividers, or externally. This technology 
allows frame-rate conversion (e.g., 2-3 pull-down) . 

External DRAM is used for the buffers, which can be 
5 either two or three in number. Three are necessary if 
frame-rate conversion is to be effected. 
C.l.3 Write Address Generator 

The write address generator receives tokens from the 
buffer manager and detects the arrival of each new DATA 

10 Token. As each DATA Token arrives, the address generator 
calculates a new address for the DRAM interface for storing 
the arriving block. The raw data is then passed to the 
DRAM interface where it is written into a swing buffer. 
Note that DRAM addresses are block addresses, and pictures 

15 in the DRAM or organized as rasters of blocks. Incoming 
picture data, however, is actually organized sequences of 
macroblocks , so the address generation algorithm must take 
into account line-width (in blocks) offsets for the lower 
rows of blocks within the macroblock. 

2 0 The arrival buffer index provided by the buffer manager 

is used as an address offset for the whole of the picture 
being stored. Furthermore, each component is stored in a 
separate area within the specified buffer, so component 
offsets are also used in the calculation. 

2 5 C.1.4 Read Address Generator 

The Read Address Generator (dispaddr) does not receive 
or generate tokens, it generates addresses only. In 
response to a VSYNC, it may, depending on field_info, 
read_start, sync_mode, and lsb_invert, request a buffer 

30 index from the buffer manager. Having received an index, 
it generates three sets of addresses, one for each 
component, for the current picture to be read in raster 
order. Different setups allow for: interlaced/progressive 
display and/or data, vertical unsampling, and field 

35 synchronization (to an interlaced display) . At the lower 
level, the Read Address Generator converts base addresses 
into a sequence of block addresses and byte counts for each 
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of the three components that are compatible with the page 
structure of the DRAM. The addresses provided to the DRAM 
interface are page and line addresses along with block 
start and block end counts. 
c.1.5 output Pipeline 

Data from the DRAM interface feeds the output pipeline. 
The three component streams are first vertically 
interpolated, then horizontally interpolated. Following 
the interpolators, the three components should be of equal 
ratios (4:4:4), and are passed through the color-space 
converter and color lookup tables/gamma correction. The 
output interface may hold the streams at this point until 
the display has reached an HSYSC. Thereafter, output 
controller directs the three components into one, two or 
three 8-bit buses, multiplexing as necessary. 
C.l.6 Timing Regimes 

There are basically two principal timing regimes 
associated with the Image Formatter. First, there is a 
system clock, which provides timing for the front end of 
the chip (address generators and buffer manager, plus the 
front end of the DRAM interface) . Second, there is a pixel 
clock which drives all the timing for the back end (DRAM 
interface output, and the whole of the output pipeline). 
Each of the two aforementioned clocks drives a number of 
25 on-chip clock generators. The FIFO, buffer manager and 
read address generator operate from the same clock (D*) 
with the write address generator using a similar, but 
separate clock (W*) . Data is clocked into the DRAM 
interface on an internal DRAM interface clock, (out*). D*, 
30 w* and out* are all generated from syscik. 

Read and write addresses are clocked in the DRAM 
interface by the DRAM interface's own clock. 

Data is read out of the DRAM interface on bifR*, and is 
transferred to the section of the output pipeline named 
25 »bushy_ne» (north-east - by virtue of its physical 
location) which operates on clocks denoted by NE* . The 
section of the pipeline from the gamma RAMs onward 
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clocked on a separate, but similar, clock (R*) . b il M , NE# 
and R* are all derived from the pixel clock, pixin. 

For testing, all of the major interfaces between blocks 
have either snoopers or super-snoopers attached. This 
depends on the timing regimes and the type of access 
required. Block boundaries between separate, but similar 
timing regimes have retiming latches associated therewith. 
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SECTION C.2 Buffer Management 
C.2.1. Introduction 

The purpose of the buffer management block, in accordance 
with the present invention, is to supply the address 
5 generators with indices identifying any of either two or 
three external buffers for writing and reading of picture 
data. The allocation of these indices is influenced by 
three principal factors, each representing the effect of 
one of the timing regimes in operation. These are the rate 
10 at which picture data arrives at the input to Image 
Formatter (coded data rate) , the rate at which data is 
displayed (display data rate), and the frame rate of the 
encoded video sequence (presentation rate) . 
C.2. 2 Functional Overview 
15 A three-buffer system allows the presentation rate and 

the display rate to differ (e.g., 2-3 pulldown), so that 
frames are either repeated or skipped as necessary to 
achieve the best possible sequence of frames given the 
timing constraints of the system. Pictures which present 
20 some difficulty in decoding may also be accommodated in a 
similar way, so that if a picture takes longer than the 
available display time to decode, the previous frame will 
be repeated while everything else "catches up". m a two- 
buffer system, the three timing regimes must be locked - it 
is the third buffer which provides the flexibility for 
taking up the slack. 

The buffer manager operates by maintaining certain status 
information associated with each external buffer. This 
includes flags indicating if the buffer is in use, if it is 
full of data, or ready for display, and the picture number 
within the sequence of the picture currently stored in the 
buffer. The presentation number is also recorded, this 
being a number which increments every time a picture clock 
pulse is received, and represents the picture number which 
is currently expected for display based on the frame rate 
of the encoded sequence. 
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An arrival buffer (a buffer to- which incoming data will 
be written) is allocated every time a PICTURE_START token 
is detected at the input. This buffer is then flagged as 
IN_USE. on PICTURE_END , the arrival buffer will be de- 
allocated (reset to zero) and the buffer flagged as either 
FULL or READY depending on the relationship between the 
picture number and the presentation number. 

The display address generator requests a new display 
buffer, once every vsync, via a two-wire interface. if 
there is a buffer flagged as READY , then that will be 
allocated to display by the buffer manager. If there is no 
READY buffer, the previously displayed buffer will be 
repeated . 

Each time the presentation number changes, it is detected 
and every buffer containing a complete picture is tested 
for READY-ness by examining the relationship between its 
Picture number and the presentation number. Buffers are 
considered in turn. When any of the buffers are deemed to 
be READY, this automatically cancels the READY-ness of any 
buffer which was previously flagged as READY. The previous 
buffer is then flagged as EMPTY. This works because later 
picture numbers are stored, by virtue of the allocation 
scheme, in the buffers that are considered later 

TEMPORAL_REFERENCE tokens in H.261 cause a buffer's 
picture number to be modified if skipped pictures in the 
input stream are indicated. This feature, although 
envisioned, is not currently included, however. Similarly, 
TEMPORAL-REFERENCE tokens in MPEG have no effect. 

A FLUSH token causes the input to stall until every 
buffer is either EMPTY or has been allocated as the display 
buffer. Thereafter, presentation number and picture number 
are reset and a new sequence can commence. 
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C.2.3 Architecture 

C.2.3.1 Interfaces 

C.2.3. 1.1. Interfac e to bin frnwt- 

All data is input to the buffer manager from the input 
FIFO, bm_front. This transfer takes place via a two-wire 
interface, the data being 8 bits wide plus an extension 
bit. All data arriving at the buffer manager is guaranteed 
to be a complete token. This is a necessity for the 
continued processing of presentation numbers and display 
buffer requests in the event of significant gaps in the 
data upstream. 

C.2.3. 1.2 Interf ace to waddrgen 

Tokens (8 bit data, i bit extension) are transferred to 
the write address generator via a two-wire interface. The 
arrival buffer index is also transferred on the same 
interface, so that the correct index is available for 
address generation at the same time as the PICTURE_START 
token arrives at waddrgen. 
C.2.3. 1.3 I nterface to dispaddr 

The interface to the read address generator comprises two 
separate two-wire interfaces which can be considered to act 
as "request" and "acknowledge" signals, respectively. 
Single wires are not adequate, however, because of the two 
two-wire-based state machines at either end. 

The sequence of events normally associated with the 
dispaddr interface is as follows. First, dis-paddr invokes 
a request in response to a vsync from the display device by 
asserting the drq_valid input to the buffer manager. Next, 
when the buffer manager reaches an appropriate point in its 
state machine, it will accept the request and go about 
allocating a buffer to be displayed. Thereafter, the 
disp_valid wire is asserted, the buffer index is 
transferred, and this is typically accepted immediately by 
dispaddr. Furthermore, there is an additional wire 
associated with this last two-wire interface (rst_fld) 
which indicates that the field number associated with the 
current index must be reset regardless of the previous 
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field number. 

C. 2. 3. 1.4 Micropr ocessor Interface 

The buffer manager block uses four bits of microprocessor 
address space, together with the 8-bit data bus and read 
and write strobes. There are two select signals, one 
indicating user-accessible locations and the other 
indicating test locations which should not require access 
under normal operating conditions. 

C.2.3.1.S Kvnf. 

The buffer manager is capable of producing two different 
events, index found and late arrival. The first of these 
is asserted when a picture arrives and its PICTURE_START 
extension byte (picture index) matches the value written 
into the BU_BM_TARGET_ix register at setup. The second 
event occurs when a display buffer is allocated and its 
Picture number is less than the current presentation 
number, i.e., the processing in the system pipeline up to 
the buffer manager has not managed to keep up with the 
presentation requirements. 
C. 2. 3. 1.6 Picture Clock 

in the present invention, picture clock is the clock 
signal for the presentation number counter and is either 
generated on-chip or taken from an external source 
(normally the display system) . The buffer manager accepts 
both of these signals and selects one based on the value of 
pclk_ext (a bit in the buffer manager's control register). 
This signal also acts as the enable for the pad picoutpad 
so that if the image Formatter is generating its own 
Picture clock, this signal is also available as an output 
from the chip. 
C.2.3.2. Major Blocks 

The following sections describe the various hardware 
blocks that make up the buffer manager schematic (bmlogic) . 

S- 2 -3.2. 1 Input /Ou tput block fbm in p ,,«-j 

This module contains all of the hardware associated with 
the four two-wire interfaces of the buffer manager (input 
and output data, drq_valid/accept and disp_ valid/accent) . 
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The input data register is shown, together with some token 
decoding hardware attached thereto. The signal vheader at 
the input to bm_tokdec is used to ensure that the token 
decoder outputs can only be asserted at a point where a 
header would be valid (i.e., not in the middle of a token. 
The rtimd block acts as the output data registers, adjacent 
to the duplicate input data registers for the next block in 
the pipeline. This accounts for timing differences due to 
different clock generators. Signals go and ngo are based 
on the and of data valid, accept and not stopped, and are 
used elsewhere in the state machine to indicate if things 
are -bunged up" at either the input or the output. 

The display index part of this module comprises the two- 
wire interfaces together with equivalent "go" signals as 
for data. The rst_fld bit also happens here, this being a 
signal which, if set, remains high until disp_ valid has 
been high for one cycle. Thereafter, it is reset. m 
addition, rst_fld is reset after a FLUSH token has caused 
all of the external buffers to be flagged either as EMPTY 
or IN_USE by the display buffer. This is the same point at 
which both picture numbers and presentation number are 
reset . 

There is a small amount of additional circuitry 
associated with the input data register which appears at 
the next level up the hierarchy. This circuitry produces 
a signal which indicates that the input data register 
contains a value equal to that written into BU_BM_TARGIX 
and it is used for event generation. 
C.2.3.2.2 Ind ex bloelc <bm ind»v| 

The index block consists mainly of the 2-bit registers 
denoting the various strategic buffer indices. These are 
arr_buf , the buffer to which arriving picture data is being 
written, disp_buf, the buffer from which picture data is 
being read for display, and rdy_buf, the index of the 
buffer containing the most up to date picture which could 
be displayed if a buffer was requested by dispaddr. There 
is also a register containing buf_ix, which is used as a 
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general pointer to a buffer. This register gets 
incremented (» D » input to mux) to cycle through the buffers 
examining their status, or which gets assigned the value of 
one of arr_buf, disp_buf or rdy_buf when the status needs 
changing. All of these registers (phO versions) are 
accessible from the microprocessor as part of the test 
address space. 01d_ix is just a re-timed version of buf_ix 
and is used for enabling buffer status and picture number 
registers in the bm_stus block. Both buf_ix and old_ix are 
decoded into three signals (each can hold the value l to 3) 
which are output from this block. Other outputs indicate 
whether buf_ix has the same value as either arr_buf or 
disp_buf , and whether either of rdy_buf and disp_buf have 
the value zero. Zero is not a reference to a buffer. It 
merely indicates that there is no arrival/display/ready 
buffer currently allocated. 

Arr_buf and disp_buf are enabled by their respective two- 
wire interface output accept registers. 

Additional circuitry at the bmlogic level is used to 
determine if the current buffer index (buf_ix) is equal to 
the maximum index in use as defined by the value written 
into the control register at setup. A "1" in the control 
register indicates a three-buffer system, and a "0" 
indicates a two-buffer system. 
C.2.3.2 .3 Buffer Status 

The main components in the buffer status are status and 
picture number registers for each buffer. Each of the 
groups of three is a master-slave arrangement where the 
slaves are the banks of three registers, and the master is 
a single register whose output is directed to one of the 
slaves (switched, using register enables, by old_ix) . One 
of the possible inputs to the master is multiplexed between 
the different slave outputs (indexed by buf_ix at the 
bmlogic level) . Buffer status, which is decoded at the 
bmlogic level, for use in the state machine logic can take 
any of the values shown in Table C.2.1, or recirculate its 
previous value. Picture number can take the previous value 
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or the previous value incremented by one for on- , 

delta -a -^^ < or one Plus 

y the 8 bit adder present in the block. The first in=„, 
currently being written. 




Table c.2.1 Buffer status Values 

This needs to be stored separately (in its own master-slave 
arrangement) so that any of the thr« 

three buffer picture number 
registers can be easilv uodafoH k» ^ 

asilv "Plated based on the current (or 
previous) picture number rather than on their own previous 
Picture number (which is almost always out of date). 
This pnum is reset to - 1 e „ , . . ' 

to l so that when the first picture 

henT* is added to ths ° utput — 

hence the input to the firs t buffer pictur e number 
register, is zero. 

Note that in the current version, delta is connected to 
aero because of the absence of the temporal reference block 
which should supply the value. 
g.2.3.2.4 Presenta tion mmh.. 

The 8-bit presentation number register has an associated 
Presentation flag which is used in the state machine to 
indicate that the presentation number has changed since it 



587 



was last examined. This is necessary because the picture 
clock is essentially asynchronous and may be active during 
any state, not just those which are concerned with the 
presentation number. The rest of the circuitry in this 
5 block is concerned with detecting that a picture clock 
pulse has occurred and "remembering" this fact. In this 
way, the presentation number can be updated at a time when 
it is valid to do so. A representative sequence of events 
is shown in Figure 156. The signal incr_prn goes active 

10 the cycle after the re-timed picture clock rising edge, and 
persists until a state is entered during which presentation 
number can be modified. This is indicated by the signal 
en_prnum. The reason for only allowing presentation number 
to be updated during certain states is because it is used 

15 to drive a significant amount of logic, including a 
standard-cell, not-very-fast 8-bit adder to provide the 
signal rdyst. It must, therefore, be changed only during 
states in which the subsequent state does not use the 
result. 

20 C. 2 .3.2.5 Temporal Reference 

The temporal reference block in accordance with the 
present invention, has been omitted from the current 
embodiment of the Image Formatter, but its operation is 
described here for completeness. 

25 The function of this block is to calculate delta, the 

difference between the temporal reference value received in 
a token in an H,261 data stream, and the "expected" 
temporal reference (one plus the previous value) . This 
allows frames to be skipped in H.261. Temporal reference 

30 tokens are ignored in all non-H.261 streams. The 
calculated value is used in the status block to calculate 
picture numbers for the buffers. The effect of omitting 
the block from bmlogic is that picture numbers will always 
be sequential in any sequence, even if the H.261 stream 

35 indicates that some should be skipped. 

The main components of the block (visible in the 
schematic bm_tref) are registers for tr, exptr and delta. 
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in the invention, tr is reset to zero and loaded, when 
appropriate, from the input data register. Similarly, 
exptr is reset to -l, and is incremented by either 1 or 
delta during the sequence of temporal reference states, m 
addition, delta is reset to zero and is loaded with the 
difference between the other two registers. All three 
registers are reset after a FLUSH token. The adder in this 
block is used for calculation of both delta and exptr, 
i.e., a subtract and an add operation, respectively, and is 
controlled by the signal delta_calc. 
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C.2.3.2.6 Control Reaisfcarq (bm ureg «) 

Control registers for the buffer manager reside in the 
block bm_uregs. These are the access bit register, setup 
register (defining the maximum number of external buffers, 
and internal/external picture clock) , and the target index 
register. The access bit is synchronized as expected. The 
signals stopd_0, stopd_l and nstopd_l are derived form the 
OR of the access bit and the two event stop bits. upi 
address decoding for all of bmlogic is done by the block 
bm_udec, which takes the lower 4 bits of the upi data bus 
together with the 2 select signals from the Image Formatter 
top-level address decode. 

C.2.3.2.7 Control ling State Maehina 

The state machine logic originally occupied its own 
block, bm_state. For code generation reasons, however, it 
has now been flattened and resides on sheet 2 of the 
bmlogic schematic. 

The main sections of this logic are the same. This 
includes the decoding, the generation of logic signals for 
the control of other bmlogic blocks, and the new state 
encoding, including the flags from_ps and from_fl which are 
used to select routes through the state machine. There are 
separate blocks to produce the mux control signals for 
bm_stus and bm_index. 

Signals in the state machine hardware have been given 
simple alphabetic names for ease of typing and reference. 
They are all listed in Table C.2.2, together with the logic 
expressions which they represent. They also appear as 
comments in the behavioral M. description of bmlogic 
(bmlogic. M) . 
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Table C.2.2 Signal Karnes Used in the State Machine 
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C,2 - 3,2 - R Monitoring o P gr*i-i on rbminf^ 

in the present invention, the module, bminfo, is included 
so that buffer status information, index values and 
presentation number can be observed during simulations, it 
is written in M and produces. an output each time one of its 
inputs changes. 
C.2.3.3 Register Address Map 

The buffer manager's address space is split into two 
areas, user-accessible and test. There are, therefore, two 
separate enable wires derived from range decodes at the 
top-level. Table c. 2. 3 shows the user-accessible 

registers, and Table C.2.4 shows the contents of the test 
space. 
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Picture numoer m suffer 3 



• emooraJ reference (rem stream 



Table C.2.3 User-Accessible Registers 



I 

! Register Narr-e 


Access 


! 

j 3<ts 


I Reset 
j State 




! 9u_SM_ORES_ ff LAG | 


Oxeo 


1 iOJ 


j 0 


t p reser.:a:icn r:ag 


j BU_BM.EXP.Tn | 


0x81 


j [*:0| 


j OxFF 


| Expecteo temporai -eference 


j BU.BM.TR.OELTA j 


oxe2 


; 1*:0J 


OxOO 


I Delta 


j BU_9M_ARRjx j 


0x83 


| (1:0] 


0x0 


| Arrrvai Buftaf mcex 


| BU_3M.0SP.iX j 


0x84 


i ii-o] 


0x0 


! Display Suffer mcex 


j BU.BM.ROYJX j 


0x65 


! P:0] 


0x0 


| Reaoy Duffer mcex 


! BU_BM_SSTATE3 j 


0x66 


! [i-0] 


0x0 


i Buffer 3 starts 


j BU_8M_8S7ATE2 j 


0x87 


| P:0] 


0x0 


j Buffer 2 status 


i BU.SM.SSTATE ! j 


0x88 


| M:0J | 


OxC 


! Buffer i starts j 


; SU.9MJNOEX | 


0x89 


! coj | 


0x0 


Current Duffer :ncei 


9 U _BM _ STATE j 


OxftA 




0x00 


Suffer manager state , 


BU.BM.PROMPS J 

I 


OxSB 


[0] 

< 


0x0 


From PICTURE START j 
flag ' 


9U.3M.PROMF. | 


OxSC 


rc] i 


0x0 ! 


From FLUSH.TOKEN fag 1 


Table C 


.2.4 


Test Registers 
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C.2.4 Operation of The State Machine 

There are 19 states in the buffer manager's state 
machine, as detailed in Table C.2.5. These interact as 
shown in Figure 157, and also as described in the 
behavioral description bmlogic.M. 



State 


Value 


PRESO 


0x00 


pope 1 
« new i 


0x10 


ennun 


0x1 F 


TCTILtO QCCft 
I fclVIr'_rlfcrU 


0x04 


TFMP RFP1 




TEMP.REF2 


0x06 


TEMP.REF3 


0x07 


ALLOC 


0x03 


NEW.EXP.TR 


0x00 


SET_ARR_IX 


OxOE 


NEW_PIC_NUM 


OxOF 


FLUSH 


0x01 


DRQ 


OxOB 


TOKEN 


OxOC 


OUTPUT.TAIL 


0x08 


VACATE.ROY 


0x17 


USE.RDY 


OxOA 


VACATE.DISP 


0x09 


PICTURE.END 


0x02 



Table C.2.5 Buffer States 
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C.2.4.1 The Reset State 

The reset state is preso, with flags set to zero such 
that the main loop circulated initially. 
C.2.4.2 The Main Loop 

The main loop of the state machine comprises the states 
shown in Figure 153 (high-lighted in the main diagram - 
Figure 152). States PRESO and PRES1 are concerned with 
detecting a picture clock via the signal presflg. Two 
cycles are allowed for the tests involved since they all 
depend on the value of rdyst, the " adder output signal 
described in C.2.3.2.4. if a presentation flag is 
detected, all of the buffers are examined for possible 
'readiness', otherwise the state machine just advances to 
state DRQ. Each cycle around the PRES0-PRES1 loop examines 
a different buffer, checking for full and ready conditions. 
If these are met, the previous ready buffer (if one exists) 
is cleared, the new ready buffer is allocated and -its 
status is updated. This process is repeated until all 
buffers have been examined (index == max buf) and the state 
then advances, a buffer is deemed to be ready for display 
when any of the following is true: 

(pic_num>pres_num)&&((pic_num - pres_num)>=128) 
or 

(pic_num<pres_num)&&((pres_num - pic_num)<=l28) 
or 

pic_num == pres_num 



State DRQ checks for a request for a display buffer 
(drq_valid_reg && disp_acc_reg) . if there is no request 
the state advances (normally to state TOKEN - as will be 
described later). Otherwise, a display buffer index is 
issued as follows. if there is no ready buffer, the 
previous index is re-issued or, if there is no previous 
display buffer, a null index (zero) is issued. If a buffer 
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is ready for display, its index is issued and its state is 
updated. if necessary, the previous display buffer is 
cleared. The state machine then advances as before. 

State TOKEN is the typical option for completing the main 
5 loop. If there is valid input and the output is not 
stalled, tokens are examined for strategic values 
(described in later sections) , otherwise control returns to 
state PRESO. 

Control only diverges from the main loop when certain 
10 conditions are met. These are described in the following 
sections. 

C.2.4.3 Allocating The Ready Buffer Index 

If during the PRES0-PRES1 loop a buffer is determined to 
be ready, any previous ready buffer needs to be vacated 
because only one buffer can be designated ready at any 
time. State VACATE_RDY clears the old ready buffer by 
setting its state to VACANT, and it resets the buffer index 
to 1 so that when control returns to the PRESO state, all 
buffers will be tested for readiness. The reason for this 
is that the index is by now pointing at the previous ready 
buffer (for the purpose of clearing it) and there is no 
record of our intended new ready buffer index. It is 
necessary, therefore, to re-test all of the buffers. 
C.2.4.4 Allocating The Display Buffer Index 
25 Allocation of the display buffer index takes place either 

directly from state DRQ (state USE_RDY) or via state 
VACATE_DISP which clears the old display buffer state. The 
chosen display buffer is flagged as IN_USE, the value of 
rdy_buf is set to zero, and the index is reset to l to 
3 0 return to state DRQ. Moreover, disp_buf is given the 
required index and the two-wire interface wires (disp_valid 
and drq_acc) are controlled accordingly. Control returns 
to state DRQ only so that the decision between states 
TOKEN, FLUSH and ALLOC does not need to be made in state 
3 5 USE_RDY. 

C.2.4.5 Operation when PICTURE_END Received 

On receipt of a P I CTURE_END token, control transfers from 
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state TOKEN to state PICTURE_END where, if the index is not 
already pointing at the current arrival buffer, it is set 
to point there so that its status can be updated. Assuming 
both out_acc_reg and en_full are true, status can be 
updated as described below. if not/ control remains in 
state PICTURE_END until they are both true. The en_full 
signal is supplied by the write address generator to 
indicate that the swing buffer has swung, i.e., the last 
block has been successfully written and it is, therefore 
safe to update the buffer status. 

The just-completed buffer is tested for readiness and 
given the status either FULL or READY depending on the 
result of the test. if it is ready , rdy _ buf is given ^ 
value of its index and the set_la_ev signal (late arrival 
event) is set high (indicating that the expected display 
has got ahead in time of the decoding) . The new value of 
arr_buf now becomes zero and, if the previous ready buffer 
needs its status clearing, the index is set to point there 
and control moves to state VACATE_RDY. Otherwise, the 
index is reset to 1 and control returns to the start of the 
main loop. 

C.2.4.6 Operation When PICTDRE.START Received (Allocation 
of Arrival Buffer) 

When a PICTURE_START token arrives during state TOKEN 
the flag from_p S is set, causing the basic state machine 
loop to be changed such that state ALLOC is visited instead 
of state TOKEN . state ALLOC is concerned with allocating 
an arrival buffer (into which the arriving picture data can 
be written) , and cycles through the buffers until it finds 
3 0 one whose status is VACANT. A buffer will only be 
allocated if out_acc_reg is high since it is output on the 
data two-wire interface. Accordingly, cycling around the 
loop will continue until this is indeed the case. Once 
suitable arrival buffer has been found, the index . 
35 allocated to arr_buf and its status is flagged as IN_USE. 
Index is set to 1, the flag from_ps is reset, and the state 
is set to advance to NEW_EXP_TR. A check is made on the 
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picture's index (contained in -the word following the 
P I CTURE_ ST ART ) to determine if it is the same as targ_ix 
(the target index specified at setup) and, if so, 
set_if^_ev (index found event) is set high. 

The three states NEW_EXP_TR, SET_ARR_IX and NEW_PIC_NUM 
set up the new expected temporal reference and picture 
number for the incoming data. The middle state just sets 
the index to be arr_buf so that the correct picture number 
register is updated (note that this_pnum is also updated) . 
Control then proceeds to state OUTPUTJTAIL which outputs 
data (assuming favorable two-wire interface signals) until 
a low extension is encountered. At this point, the main 
loop is re-started. This means that whole data blocks (64 
items) are output, in between which, there are no tests for 
presentation flags or display requests. 
c.2.4.7 Operation When FLUSH Received 

A FLUSH token in the data stream indicates that sequence 
information (presentation number, picture number, rst_fld) 
should be reset. This can only occur when all of the data 
leading up to the FLUSH has been correctly processed. 
Accordingly, it is necessary, having received a FLUSH, to 
monitor the status of all of the buffers until it is 
certain that all frames have been handed over to the 
display, i.e., all but one of the buffers have status 
EMPTY, and the other is INFUSE (as the display buffer). At 
that point, a "new sequence" can safely be used. 

When a FLUSH token is detected in state TOKEN, the flag 
from_fl is set, causing the basic state machine loop to be 
changed such that state FLUSH is visited instead of state 
TOKEN. State FLUSH examines the status of each buffer in 
turn, waiting for it to become VACANT or IN_USE as display. 
The state machine simply cycles around the loop until the 
condition is true, then increments its index and repeats 
the process until all of the buffers have been visited. 
When the last buffer fulfills the condition, presentation 
number, picture number, and all of the temporal reference 
registers assume their reset values rst fid is set to l. 
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I«r« U ' fr ° m - fl 1S rSSet "V™* 1 "i" loop 

operation is resumed. 

C. 2.«. 8 Operation When TEMPORAL_REFEREl.CE Received 

is Tad"/ TW "»"-""«»<« t=,e„ is encountered, a checK 
is made on the H.261 bit and, if set, the four states 

follow" 0 to temp - ref3 are visitea - t — — ; 

following operations: 

TEMP_REFO : temp_ref = in_data__reg ; 

TE M P_R E Fl:delta=temp_ref-exp_tr;index=arr_buf; 
TEMP_REF2 : exp_tr=delta. + exp_tr ; 

TEMP_REF3 : pic_num [ i ] =this_pnum+delta ; index=l . 
C.2.4.9 other Tokens and Tails 

State TOKEN passes control to state OUTPUT TAIL in all 
cases other than those outlined above. Cont'rol remains 
here until the last word of the token is encountered 
(in_extn_reg is low) and the main loop is then re-entered. 
C.2.5 Applications Notes 

C2.5.1 state Machine Stalling Buffer Manager Input 

This requirement repeatedly check for the "asynchronous" 
timing events of picture clock and display buffer request. 

™ri„ n r C r h " lty ^ haVin9 bUffer manager inpUt Stalled 

supoiv ^hY meanS there is a continuous 

supply of data at the input to the buffer manager, there 
wll be a restriction on the data rate through the buffer 
manager. A typical sequence of states may be PR ES0 , PRESl 

' T0KEN ' °UTPUT_TAI L , each, with the except of 
OUTPUT.TAIL. lasting one cycle. This means that for each 
block of 64 data items, there will be an overhead of 3 
cycles during which the input is stalled (during states 
PRESO, PRESl and DRQJ thereby slowing the write ra-e by 
3/64 or approximately 5%. This number may occasionally 
increase to up to 13 cycles of overhead when auxiliary 
branches of the state machine are executed under worst-case 
conditions. Note that such large overheads will only apply 
on a once-per-frame basis. 

C.2.5. 2 Presentation Number Behavior During An Access 

The particular embodiment of the bm_pres illustrated by 
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the schematic shown in C.2.3.2.4 means that presentation 
number free-runs during upi accesses. If presentation 
number is required to be the same when access is 
relinquished as it was when access was gained, this can be 
effected by reading presentation number after access is 
granted, and writing it back just before it is 
relinquished. Note that this is asynchronous, so it may be 
desirable to repeat the accesses several times to further 
ensure effectiveness. 

C.2.5.3 H2 61 Temporal Reference Numbers 

The module bm_tref (not shown) should be included in the 
bmlogic. The H.261 temporal reference values are correctly 
processed by directing delta input from the bmtref to the 
bm_stus module. The delta input can be tied to zero if the 
15 frames are always sequential. 
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SECTION C.3 Write Address Generation 

C . 3 • 1 Introduction 

The function of the write address generation hardware, 
in accordance with the present invention , is to produce 
5 block addresses for data to be written away to the buffers . 
This takes account of buffer base addresses , the component 
indicated in the stream, horizontal and vertical sampling 
within a macroblock, picture dimensions, and coding 
standard. Data arrives in macroblock form, but must be 

10 stored so that lines may be retrieved easily for display. 
C.3.2 Functional Overview 

Each time a new block arrives in the data stream 
(indicated by a DATA token) , the write address generator is 
required to produce a new block address. It is not 

15 necessary to produce the address immediately, because up to 
64 data words can be stored by the DRAM interface (in -the 
swing buffer) before the address is actually needed. This 
means that the various address components can be added to 
a running total in successive cycles, and thus, hence 

20 obviating the need for any hardware multipliers. The 
macroblock counter function is effected by storing 
strategic terminal values and running counts in the 
register file, these being the operands for comparisons and 
conditional updates after each block address calculation. 

25 Considering the picture format shown in Figure 161, 

expected address sequences can be derived for both standard 
and H.2 61-like data streams. These are shown below. Note 
that the format does not actually conform to the H.2 61 
specification because the slices are not wide enough (3 

3 0 macroblocks rather than 11) but the same "half -picture- 
width-slice" concept is used here for convenience and the 
sequence is assumed to be "H. 2 61-type" . Data arrives as 
full macroblocks, 4:2:0 -in the example shown, and each 
component is stored in its own area of the specified 

35 buffer. 



601 



Standard address sequence: 
000.001 .00C.00D. 100,200; 
0C2.003,0OE,0OF,1 01 ,201 ; 
004,005.01 0.01 1 ,1 02.202; 
006.007,01 2.01 3. 1 03,203; 
008.009,014,015,104,105; 
00A,0CB.01 6,01 7, 1 05.205; 
018.019,024.025,106.107; 
01A.01B.'026 



080,081 .08C.08D, 122^22; 
Oa2,083,08E.08F. 123.223; 

H26!-type sequence: 

000,001 .OOC.OOD, 100.200; 

002.003.00E.00F.1 01 ,201 ; 

004,005.010,011,102,202; 

018,019.024,025.106.107; 

01 A,01 B.026.027,1 07,207; 

01 C.01D.028.029.1 08.208; 

030.031. 03C.03D.10C.20C, 

032.033.03E.03F.10D.20D; 
034,035,040,041 ,1 0E.20E; 
006.007,01 2,01 3, 1 03,203; 
008,009,014,015,104,105; 
00A.00B.01 6,01 7. 105.205; 
01 E.01 R02A.02B, 109,209; 
020.021 .02a02D.10A.20A; 
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C22,023,02E,02F,10B,20B; 
036,037,042.043,1 0F.20F; 
038.039.044,045,110,210; 
C3A.03B.046.047.11 1 ,21 1 ; 
048.049.054,055,112,212; 
04A.04B.056 



06A,06B,076.077, 1 1 D,2 1 D; 
07E.07F.08A,08B,121,221; 
080.08 1 .08C.08D, 1 22,222; 
082,083.08E.08F.123;223; 



C . 3 . 3 Architecture 
C. 3 • 3 • 1 Interfaces 

C.3.3.1,1 Interface to buffer manager 

The buf f er manager outputs data and the buffer index 
5 directly to the write address generator. This is performed 
under the control of a two-wire-interface. In some ways, 
it is possible to consider the write address generator 
block as an extension of the buffer manager because the two 
are very closely linked. They do, however, operate from 

10 two separate (but similar) clock generators. 
C. 3, 3. 1.2 Interface to dramif 

The write address generator provides data and addresses 
for the DRAM interface. Each of these has their own two- 
wire-interface, and the dramif uses each of them in 

15 different clock regimes. In particular, the address is 
clocked into the dramif on a clock which is not related to 
the write address generator clock. It is, therefore, 
synchronized at the output. 
c.3.3.1.3 Microprocessor Interface 

20 The write address generator uses three bits of 

microprocessor address space together with 8-bit data bus 
and read and write strobes. There is a single select bit 
for register access. 
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C. 3 . 3 . 1 . 4 Events 

The write address generator is capable of producing five 
different events. Two are in response to picture size 
information appearing in the data stream (hmbs and vmbs) , 
5 and three are in response to DEFINE_SAMPLING tokens (one 
event for each component. 
C. 3.3.2 Basic Structure 

The structure of the write address generator is shown in 
the schematic waddrgen . sch . It comprises a datapath, some 
10 controlling logic, and snoopers and synchronization. 
C. 3, 3.2.1 The Datapath (bvadpath) 

The datapath is of the type described in Chapter C.5 of 
this document, comprising an 18-bit adder / subtractor and 
register file (see C.3.3.4), and producing a zero flag 
15 (based on the adder output) for use in the control logic. 
C. 3. 3.2.2 The Controlling Logic 

The controlling logic of the present invention consists 
of hardware to generate all of the register file load and 
drive signals, the adder control signals, the two-wire- 
20 interface signals, and also includes the writable control 
registers . 

C. 3. 3.2.3 Snoopers and Synchronization 

Super snoopers exist on both the data and address ports. 
Snoopers in the datapaths, controlled as super-snoopers 

25 from the zcells. The address has synchronization between 
the write address generator, clock and the dramif s "elk" 
regime. Syncifs are used in the zcells for the two-wire 
interface signals, and simplified synchronizers are used in 
the datapath for the address. 

30 C.3.3.3 Controlling Logic and State Machine 
c. 3. 3. 3.1 Input /Output Block (va inout) 

This block contains the input and two output two-wire 
interfaces, together with latches for the input data (for 
token decode) and arrival buffer index (for decoding four 

3 5 ways) . 

C.3.3.3. 2 Two Cycle Control Block (va fc) 

The flag fc (first cycle) is maintained here and 



indicates whether the state machine is in the middle of a 

two-cycle operation (i.e., an operation involving an add). 

C. 3.3*3.3. Com ponent Count (va comp) 

Separate addresses are required for data blocks in each 

component, and this block maintains the current component 

under consideration based on the type of DATA header 

received in the input stream. 

C. 3.3.3.4 Modulo-3 Control (va mod3) 

When generating address sequences for H.261 data streams, 

it is necessary to count three rows of macroblocks to half 

way along the screen (see C.3.2). This is effected by 

maintaining a modulo-3 counter, incremented each time a new 

row of macroblocks is visited. 

C.3.3.3.5 Control Registers (va ureqs) 

Module wa_uregs contains the setup register and the 
coding standard register - the latter is loaded from the 
data stream. The setup register uses 3 bits: QCIF (Isb) 
and the maximum component expected in the data stream (bits 
1 and 2) . The access bit also resides in this block 

(synchronized as usual) , with the "stopped" bits being 
derived at the next level up the hierarchy (walogic) as the 
OR of the access bit and the event stop bits. 
Microprocessor address decoding is done by the block 
wa_udec which takes read and write strobes, a select wire, 
and the lower two bits of the address bus. 
C.3.3.3.6 Controlling State Machine (va state) 

The logic in this block is split into several distinct 
areas. The sate decode, new state encode, derivation of 
"intermediate" logic signals, datapath control signals 
(drivea, driveb, load, adder controls and select signals), 
multiplexer controls, two-wire-interface controls, and the 
five event signals. 
C.3.3.3.7 Event Generation 

The five event bits are generated as a result of certain 
tokens arriving at the input. It is important that, in 
each case, the entire token is received before any events 
are generated because the event service routines perform 



605 



calculations based on the new values received. For this 
reason, each of the bits is delayed by a whole cycle before 
being input to the event hardware. 
C.3.3.4 Register Address Map 

There are two sets of registers in the write address 
generator block. These are the top-level setup type 
registers located in the standard cell section, and 
keyholed datapath registers. These are listed in Table 
C.3.1 and C.3.2, respectively. 



Register Name 


Address 


! Bits 


Reset j Function 

State j ' 


, SU _WAD0R.CCD.ST0 | 0x4 | 2 | 0 ( C od std frcm cat. sl— ' 


1 BU.WA00R.ACCESS | 0x5 ! 1 | 0 | Access -it 


BU.WAODfi.CTLI 


0x6 | 3 


0 


max corr.pcnenr(2: i j anc j 
GC1F[0] j 


BU.WA_A0Dn.SNP2 j OxSO j 3 




snooper cn the write j 
a C Cress generator 

j 

address g/o. j 


9U.WA_A0DR.SNP1 


0x81 j 8 


SU.WA.AOOR.SNPO 


0x82 


6 


3U.WA_0ATA.SNP1 


0x&4 


8 I 




snooper on ca:a output sf 
WA 


BU.WA_OATA.SNP0 


oxes j 8 
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Table C.3.1 Top-Level Registers 
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Keyhole Register Name 


Keynote 

t 

■ Aocress 


; 3.us 


Ccr\-~er_» 




5L'_WACCR.BUFFER0_9AS=_MSB 


j 0x85 


: 2 


, Mus:se 


i 


BU_WADCP_9UF?ER0_BASH_MtD 


I 0x36 


; a 


' -cacec 




SU_WADOP_BUFFER0_9ASS_LSB 


; 0x37 


3 






3U_WAC0R.3UFF=R1.9ASE_MSB 


j CxS9 


2 


j v„s; ;e 




3U_WA00R_3UFFER 1 _8ASE_MlD 


; 0x3a 


' 3 


■ Loacec 


l 

i 


3U_WA0CR.9UFFERl_3ASE.LSB 


j Cx8b 


; 3 


i 




3U_WA0DR.3UFrER2_9ASE_MS3 


| 0x86 


! * 


I M.sr De 


j BU_WACCR_5UF?SA2_SA$E_MiO 


Ox8e 


8 


I , 

\ '.cacec 




3U_WACCR_5UFFER2.9ASE.LSB 


| Ox8f 


! a 


i 


j 8U_WAOOR_CCMP0.HMBADOR.MSB 


0x91 


2 


; *es;cr:y 


6U_WADCR_COMPO.HM8ACDR_MID 


0x92 


i 8 


; 


1 3U_WACCR_CCMP0_HMSADOR_lSB 


0x93 


i 9 






3U_WACDR_COMP1.HM8AOOR_MS3 


j 0x95 


! 2 


; "es: . 


! 


3U_WAC0R_CCMP1_HMBAD0R.MI0 


0x96 


i 3 




i 


9U.WAD0R_CCMP1.HM8AD0R_LSB 


0x97 


1 8 


l ; 


j 3U_WADDR.COMP2_HMBADDR_MS8 


0x99 


2 


j Tes; cr.iy i 


BU_WADDR.CCMP2_HMBADDR_MID 


Cx9a 


8 


1 ! 

1 


SU_WAD0R.COMP2_HMBADDR.LSB 


0x9b 


8 


i ! 


BU.WADOR.COMP0_VMBAD0R.MSB 


0x9d 


2 


~es; cr.iy i 


BU_WADDR.COMPO_VMBAOOR.MID 


Ox9e 


8 


| 


SU_WACDR.COMP0_VMSA0DR.LSB 


0x9f | 




i 


BU.WAODR.COMP 1 .VMBADDR.MSB 


Oxal 


2 ! 


"es; cp;y 


BU.WAODR.COMP 1 .VMBADDR.MID 


0xa2 


8 ! 


: 


BU_WAODR_COMP1_VM8ADOR_LSB | 


0xa3 j 


8 ! 




BU_WADDR.C0MP2_VMBAD0R_MSB | 


Oxa5 j 


2 j 


Test cr.y 


BU_WADDR_COMP2.VMBA0DR_MID 


Cxa6 | 


8 | 


i 


BU.WAD0R.CCMP2_VMBA0DR.LSB 


0xa7 | 


8 ! 




BU_WAD0R.VBA0DR.MS8 


0xa9 | 


2 i 


T est tn;y 


BU_WAODP.VBAODR.MlO 


Oxaa | 


s i 




BU.WAODR.VBADDR.LSB | 


Oxab j 


a ; 





Table C.3.2 Image Formatter Address Generator Keyhole 
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e C.3.2 image Formatter Address Generator Keyhole 



Keyhole Register Name 



Keyncie 
Address 



3. is 



Comments 



BU_WADDR_COMP0_LAST_MB_ROW_MSB 


0X105 


2 


Muse be 
Loaded 


BU_WADDR_COMPOJ-AST_MB_ROW_MID 


0X106 


o 


BLLWADDR_COMP0_LAST_MB_ROW_LSB 


0x107 


Q 

o 


BU_WADOR_COMP1_LAST_MB.ROW.MSB 


0x109 


2 


Must be 
Loaded 


BU_WADDR_COMP1_LAST_MB_ROW_MID 


0x1 Oa 


8 


BU_WA0OR_COMP1_LA$T_MB_ROW_LS8 


0x1 Ob 


8 


BU_WADDR_COMP2_LAST_MB_ROW_MSB 


OxIOd 


2 


Must be 
Loaded 


BU_WADDR_COMP2_LAST_MB_ROW_MIO 


Oxl Oe 


8 


BU_WAD0R_C0MP2_LAST_MB_ROW_LSB 


0x1 Of 


8 


BU_WADOR_COMP0_HBS_MSB 


0x1 11 


2 


Must be 
Loaded 


BU_WADDR_COMP0_HBS_MID 


0x112 


8 


BU_WADDR_COMP0_HBS_LSB 


0x113 


8 


BU_WADDR_C0MP1 JHBS.MSS 


0x115 


2 


Must be 
Loaded 


BU_WADDR_C0MP1_HBS_MID 


0x116 


8 


BU_WADDR_C0MP1_HBS_LSB 


0x117 


6 


BU_WA0DR_COMP2JHBS_MSB 


0x119 


2 


Must be 
Loaded 


BU_WADDR_COMP2_HBS_M10 


0x1 1a 


8 


BU_WADDR_C0MP2_HBS_LSB 


0x1 1b 


8 


BU_WAOOR_COMP0_MAXH3 


0x11 f 


2 


Must be 
Loaded 


BU_WADDR_COMP1_MAXHB 


0x123 


2 


BU_WADDR_COMP2_MAXHB 


0x127 


2 


BU_WADOR_COMP0_MAXVB 


0x1 2b 


2 


Must be 
Loaded 


BU_WADDR_C0MP1_MAXVB 


0x12f 


2 


BU_WAD0R_COMP2_MAXVB 


0x133 


2 



Table C.3.2 Image Formatter Address Generator Keyhole 



The keyhole registers fall broadly into two categories. 
Those which must be loaded with picture size parameters 
prior to any address calculation, and those which contain 
5 running totals of various (horizontal and vertical) block 
and macroblock counts. The picture size parameters may be 
loaded in response to any of the interrupts generated by 
the write address generator, i.e., when any of the picture 
size or sampling tokens appear in the data stream. 
10 Alternatively, if the picture size is known prior to 
receiving the data stream, they can be written just after 
reset. Example setups are given in Sectionr C.13, and the 
picture size parameter registers are defined in the next 
section. 
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C.3.4 Programming the Write Address Generator 

The following datapath registers must contain the correct 
picture size information before address calculation can 
proceed. They are illustrated in Figure 162. 
5 l)WADDR_HALF_WIDTH_IN_BLOCKS: this defines the 

half width, in blocks, of the incoming picture. 

2) WADDR_MBS_WIDE: this defines the width, in 
macroblocks, of the incoming picture. 

3) WADDR_MBS_HIGH: this defines the height, in 
10 macroblocks, of the incoming picture. 

4) WADDR_LAST_MB_IN_ROW: this defines the block 
number of the top left hand block of the 
last macroblock in a single, full-width row 
of macroblocks. block numbering starts at 

15 zero in the top left corner of the left-most 

macroblock, increases across the frame 
with each block and subsequently with each 
following row of blocks within the 
macroblock row. 

20 5)WADDR_IAST_MB_IN_HALF_ROW: this is similar 

to the previous item, but defines the block 
number of the top left block in the last 
macroblock in a half-width row of 
macroblocks . 

25 6)WADDR_IAST_ROW_IN_MB: this defines the block 

number of the left most block in the last 
row of blocks within a row of macroblocks. 

7) WADDR_BLOCKS_PER_MB_ROW: this defines the 
total number of blocks contained in a 

30 single, full-width row of macroblocks. 

8) WADDR_LAST__MBJROW: this defines the top 
left block address of the left-most 
macroblock in the last row of macroblocks 
in the picture. 

35 9)WADDR_HBS: this defines the width in blocks 

of the incoming picture. 
10) WADDR_MAXHB : this defines the block number 



611 

of the right-most block in a row of blocks in 
a single macroblock. 
11)WADDR_MAXVB: this defines the height-1, in 
blocks, of a single macroblock. 
5 In addition, the registers defining the organization of 

the DRAM must be programmed. These are the three buffer 
base registers, and the n component offset registers, where 
n is the number of components expected in the data stream 
(it can be defined in the data stream; and can be 1 minimum 
10 and 3 maximum) • 

Note that many of the parameters specify block numbers 
or block addresses. This is because the final address is 
expected to be a block address, and the calculation is 
based on a cumulative algorithm. 
15 The screen configuration illustrated in Figure 162 yields 

the following register values: 

1) WADDR_HALF„WIDTH„IN_BLOCKS = 0x16 

2) WADDR_MBS_WIDE = 0x16 

3) WADDR_MBS_HIGH = 0x12 

4) WADDR_LAST_MBJN_ROW = 0x2A 

5) WADDR_LAST_MBJN_HALF_ROW = 0x14 

6) WADDR_LAST_ROWJN_MB = 0x2 C 

7) WADDR_BLOCKS_PER_MB_ROW = 0x58 

8) WADDR_LAST_MB_ROW = 0x5 D8 

9) WADDR_HBS = 0x2C 

10) WADDR_MAXVB = 1 

11) WADDR_MAXHB= 1 
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C.3.5 Operation of The State Machine 

There are 19 states in the buffer manager's state 
machine, as detailed in Table C.3.3. These interact as 
shown in Figure 164, and also as described in the 
behavioral description, bmlogic.M. 



Slate 


Value 


IDLE 


0x00 


DATA 


0x10 


CODING.STANDARD 


OxOC 


HOR2.MBS0 


0x07 


H0R2_MBS1 


0x06 


VERT_MBS0 


OxOB 


VERT.MBS1 


OxOA 


OUTPUT.TAIL 


0x08 


HB 


0x11 


MBO 


0x1 D 


MB1 


0x12 


MB2 


OxIE 


MB3 


0x13 


MB4 


OxOE 


MBS 


0x14 


MBS 


0X15 


M&4A 


0x18 



Table C.3.3 Write Address Generator States 
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State - 


Value 


MB48 


0x09 


MB4C 


0x17 


MB40 


0x16 


AD0R1 


0x19 


A00R2 


0x1A 


AD0R3 


0x1 B 


ADDR4 


OxlC 


ADDR5 


0x03 


HSAMP 


0x05 


VSAMP 


0x04 


PIC.ST1 


OxOf 


P!C_ST2 


0x01 


PIC.ST3 


0x02 



Table C.3.3 Write Address Generator States 
C.3.5.1 Calculation of the Address 

The major section of the write address generator state 
machine is illustrated down the left hand side of Figure 
5 164. On receipt of a DATA token, the state machine moves 
from state IDLE to state ADDR1 and then through to state 
ADDR5 , from which an 18-bit block address is output with 
two-wire-interface controls. The calculations performed by 
the states ADDR1 through to ADDR5 are: 
10 BU_WADDR_SCRATCH=BUJBUFFERn_BASE 
+BU_COMPm_OFFSET ; 

BU_WADDR_SCRATCH=BU_WADDR_SCRATCH 
+BU_WADDR_VMBADDR ; 

BU_WADDR_SCRATCH=BU_WADDR-SCRATCH 
1 5 +BU_WADDR_HMBADDR ; 

BU_WADDR_SCRATCH=BU+WADDR_SCRATCH 
+BU_WADDR_VBADDR ; 

out_addr=BU_WADDR_SCRATCH+BU_WADDR_HB ; 

The registers used are defined as follows: 
20 1) BU_WADDR_VMBADDR: the block address (the top left 

block) of the left-most macroblock of the row of 
macroblocks in which the block whose address is 
being calculated is contained. 
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2) BU_WADDR_HMBADDR: the block address (top left 
block) of the top macroblock of the column of 
macroblocks in which the block whose address is 
being calculated is contained. 

3) BU_WADDR_VBADDR: the block address, within the 
macroblock row, of the left-most block of the row 
of blocks in which the block whose address is 
being calculated is contained. 

4) BU_WADDR_HB: the horizontal block number, within 
the macroblock, of the block whose address is 
being calculated. 

5) BU_WADDR_SCRATCH: the scratch register used for 
temporary storage of intermediate results. 

Considering Figure 163, and taking, for example, the 
calculation of the block whose address is Ox62D, the 
following sequence of calculations will take place; 

SCRATCH=BUFFERn_BASE+COMPm_ OFFSET ; (assume 0) 

SCRATCH=0+0x5D8 ; 

SCRATCH=0x5D8+0x28 ; 

SCRATCH=0x600+0x2C; 

block address=0x62C+l=0x62D; 

The contents of the various registers are illustrated in 
the Figure . 

C.3.5.2 Calculation of New Screen Location Parameters 

When the address has been output, the state machine 
continues to perform calculations in order to update the 
various screen location parameters described above. The 
states HB and MBO through to MB6 do the calculations, 
transferring control at some point to state DATA from which 
the reminder of the DATA Token is output. 

These states proceed in pairs, the first of a pair 
calculating the difference between the current count and 
its terminal value and, hence, generating a zero flag. The 
second of the pair either resets the register or adds a 
fixed (based on values in the setup registers derived from 
screen size) offset. In each case, if the count under 
consideration has reached its terminal value (i.e., the 
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zero flag is set) , control continues down the "MB" sequence 
of states. If not, all counts are deemed to be correct 
(ready for the next address calculation) and control 
transfers to state DATA. 

Note that all states which involve the use of an addition 
or subtraction take two cycles to complete (allowing the 
use of a standard, ripple-carry adder) , this being effected 
by the use of a flag, fc (first cycle) which alternates 
between 1 and 0 for adder-based states. 

All of the address calculation and screen location 
calculation states allow data to be output assuming 
favorable two-wire interface conditions. 



15 
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C3.S.2.1 Calculi i, ona foT . standard 

es 

The sequence of operations is as follows (in which the 
zero flag is based on the output of the adder): 
5 states HB and MBO: 

scratch = hb - maxhb; 
if (2) 

hb = 0; 
else 
10 ( 

hb = hb + l 
new_state = DATA; 

) 

states MBl and MB 2 : 

scratch = vb_addr - last_row_in_mb ; 
if (z) 

vb_addr = 0 ; 
else 

( 

vb_addr = vb_addr + width_in_blocks ; 
new_state = DATA; 

) 

states MB 3 and MB4 : 

scratch - hmb_addr - last_mb_in_row; 
25 if (z) 

hmb_addr = 0 ; 
else 

( 

hmb_addr = hmb_addr + maxhb; 
new_state = DATA; 

) 

states MBS and MB 6 : 
scratch = vmb_addr - last_mb_row; 

if (lz) 

vmb_addr = vmb_addr + blocks_per_mb_row; 
(vmb_addr is reset after a PICTURE_START token is 
detected, rather than when the end of a picture is inferred 
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from the calculations) . ... 

C.3 .5,2.2 Calcula tions for H.261 Sequences 

The sequence for H.261 calculations diverges from the 
standard sequence at state MB4 : 
5 states HB and MBO:-as above 

states MB1 and MB2:-as above 
states MB3 and MB4 : 

scratch = hmb_addr - last_mb_in_row; 

if (2 & (mod3==2)) /*end of slice on right of screen*/ 

10 ( 

hmb_addr - 0; 
new_state - MBS; 

) 

else if (z) /*end of row on right of screen*/ 

15 ( 

hmb_addr = ha If _width_in_blocks ; 
new_state = MB4A; 

) 

else 
20 ( 

scratch = hmb_addr - last_mb_in_half_row; 
new-state = MB4B; 
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state MB4A: 

vmb_addr = vmb_addr * blocks_per_mb_row ; 
"ew.scate = DATA ; 

state (MB4) and MB4B: 

{scratch = hiab.addr - last_:nb_in_half_row; j 

if (z & (mod3«2)) /*end of slice on left of screen-/ 

hr\b_addr = hinb_addr * rnaxhb; 
r.ew.state * MB4C; 

} 

else if (z) /*end of row on left of screen*/ 

C 

rjnb.addr = 0 ; 
r.ew_state = MB4A; 

} 

else 

hrvb_addr = hrnb_addr-* maxhb; 
new_state s DATA; 

} 

states MB4C and MB4D: 

vmb_addr » vmb.addr - bloc)cs_per_mb_row; 
vmb_addr « vrab_addr - bloc)cs_per_mb_row; 
new_state « DATA; 

states MB5and MB6:- as above 
C.3.5.3 Operation on PICTURE.START Token 

When a PICTURE.START token is received, control passes to state PIC.ST1 wnere 
vb^addr register (BU_WADDR_VBADDR) is reset to 0. Each of states PIC.S72 and PIC.S73 
then visited, once for each component, resetting hmb.addr and vmb.addr respectively. Cor 
then returns, via state OLTTPUT_TAIL to IDLE. 
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C.3.5.3 Operation on PICTURE_START ToJcen 

When a PICTURE_START token is received, control passes 
to state PIC_ST1 where the vb_addr register 
(BU_WADDR_VBADDR) is reset to 0. Each of states PIC_ST2 
and PIC_ST3 are then visited, once for each component, 
resetting hmb_addr and vmb_addr, respectively. Control 
then returns, via state OUTPUT_TAIL, to IDLE. 
C.3.5.4 Operation on DEFINE_SAMPLING Token 

When a DEFINE_SAMPLING token is received, the component 
register is loaded with the least significant two bits of 
the input data. In addition, via states HSAMP and VSAMP, 
the maxhb and maxvb registers for that component are 
loaded. Furthermore, the appropriate define sampling event 
bit is triggered (delayed by one cycle to allow the whole 
lo token to be written) . 

C.3.S.S Operation on HORI ZONTAL_MBS and VERT I C AL_MBS 

When each of H0RIZ0NTAL_MBS and VERTI CAL_MBS arrive, the 
14-bit value contained in the token is written, in' two 
cycles, to the appropriate register. The relevant event 
bit is triggered, delayed by one cycle. 
C.3.5.6 other Tokens 

The CODING_STANDARD token is detected and causes the top- 
level BU_WADDR_coD_STD. register to be written with the 
input data. This is decoded and the nh261 flag (not H261) 
25 is hardwired to the buffer manager block. All other tokens 
cause control to move to state OUTPUT_TAIL, which accepts 
data until the token finishes. Note, however, that it does 
not actually output any data. 
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SECTION C.4 Read Address Generator 

C.4.1 Overview 

The read address generator of the present invention 
consists of four state machine/datapath blocks. The fi^ st 
"dline", generates line addresses and distributes them to 
the other three (one for each component) identical 
page/block address generators, "dramctls". All blocks are 
linked by two wire interfaces. The modes of operation 
include all combinations of interlaced/progressive, first 
field upper/lower, and frame start on upper/ lower /both . 
The Table c.3.4 shows the names, addresses, and reset 
states of the dispaddr control registers, and Chapter C. 13 
gives a programming example for both address generators. 
C.4. 2 Line Address Generator (dline) 

This block calculates the line start addresses for each 
component. Table C.3.4 shows the 18 bit datapath registers 
in dline. 

Note the distinction between DISP_register_name and 
ADDR_register_name DISP _name registers are in dispaddr 
only and means that the register is specific to the display 
area to be read out of the DRAW . ADDR_name means that the 
register describes something about the structure of the 
external buffers. 

Operation 

The basic operation of dline, ignoring all modes repeats 
etc. is: 

if (vsync_start) /* first active cycle of vsync*/ 
( 

comp = o 

D I S P_ VB_CNT_COMP [ comp ] =0 ; 

LINE [ comp ] =BUFFER_BASE [ comp ] +0 ; 

LINE [ comp j -LINE [ comp ] -DISP_COMP_OFFSET [ comp ] ; 
wh i le ( VB_CNT_COMP [ comp ] < DI SP_VBS_COMP [ comp ] 

( 

while (line_countr cor.p ]<S) 
( 



( 

while (comp<3) 

( 

—OUTPUT LINE [comp] to dramctl [comp] 

1 ine [ comp ] =LINE [ comp ] +ADDR_HBS_COMP [ comp ] 

comp = comp + 1 ; 

) 

line_count [ comp] =line_count [ comp] +1 ; 

) 

VB_CNT_COMP [ comp ] =VB_CNT_COMP [ comp ] + 1 ; 
1 ine_count [ comp ] ==0 ; 

) 
) 
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Table C.3.4 Dispaddr Datapath Registers 
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C.4.3 Dline Control Registers 

The above operation is modified by the dispaddr control 
registers which are shown in the Table C.4.3 below. 



Register Name 


Address 


Bits 


Reset 
State 


Function 


LINES JN_LAST_ROW0 


0x08 


[2:0] 


0x07.. 


These three registers 
determine the number of 
lines (out of 8) of the last 
row of blocks to read out 


LINSS_IN_LAST_ROW1 


0x09 


(2:0J 


0x07 


LINES J N JJ\ST_RO W2 


0x0a 


[2:0] 


0x07 


OISPAOOR. ACCESS 


0x0b 


[0] 


0x00 


Access bit for dispaddr 


OlSPADOR.CTLO 

See below for a detailed 
description of these 
control bits 


0x0c 


[1:0] 


0x0 


SYNC.MOOE 


[2] 


0x0 


REAO.START 


01 


0x1 


INTERUVCED/PROG 


M 


0x0 


LSBJNVERT 




0x0 


LINE.RPT 


DISPADDR_CTU 


OxOd 


[0] 


0x1 


COMP0HOLD 



Dispaddr Control Registers 



TABLE C.4.3 CONTROL REGISTERS 
5 C . 4 . 3 . 1 LINES_IN_LAST_ROW [ component ] 

These three registers determine, for each component, the 
number of lines in the last row of blocks that are to be 
read. Thus, the height of the read window may be an 
arbitrary number of lines. This is a back-up feature since 

10 the top, left and right edges of the window are on block 
boundaries, and the output controller can clip (discard) 
excess lines. 
C . 4 . 3 . 2 DXSPADDR_ACCESS 

This is the access bit for the whole of dispaddr. On 

15 writing a "1" to this location, dispaddr is halted 
synchronously to the clocks. The value read back from the 
access bit will remain "O" until dispaddr has safely 
halted. Having reached this state, it is safe to perform 
asynchronous upi accesses to all the dispaddr registers. 
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Note that the upi is actively locked out from the datapath 
registers until the access bit is m order for access 

to dispaddr to be achieved without disrupting the current 
display or datapath operation, access will only given and 
released under the following circumstances. 

Stopping: Access will only be granted if the datapath has 
finished its current two cycle operation (if it were doing 
one), and the "safe" signal from the output controller is 
high. This signal represents the area on the screen below 
the display window and is programmed in the output 
controller (not dispaddr). Note: it is, therefore, 
necessary to program the output controller before trying to 
gain access to dispaddr. 

Starting-Access will only be released when "safe" is 
15 high, or during vsync. This ensures that display will not 
start too close to the active window. 

This scheme allows the controlling software to request 
access, poll until end of display, modify dispaddr, and 
release access. if the software is too slow and doesn't 
release the access bit until after vsync, dispaddr will not 
start until the next safe period. Border color will be 
displayed during this "lost" picture (rather than rubbish). 
C . 4 . 3 . 3 DISPADDR_CTLO [7:0] 

When reading the following descriptions, it is important 
to understand the distinction between interlaced data and 
an interlaced display. 

Interlaced data can be of two forms. The Top-Level 
Registers supports field-pictures (each buffer contains one 
field) , and frames (each buffer contains an entire frame - 
interlaced or not) 

DISPADDR_CTL0 [7:0] contains the following control bits: 
SYNC_MODE[1:0] 

With an interlaced display, vsyncs referring to top and 
bottom fields are differentiated by the field_info pin. 
In this context, field_info = HIGH meaning the top field. 
These two control bits determine which vsyncs dispaddr will 
request a new display buffer from the buffer manager and, 
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thus, synchronize the fields in the buffers (if the data 
were interlaced) with the fields on the display: 

0:New Display Buffer On Top Field 

1: Bottom Field 

2: Both Fields 

3: Both Fields 

At startup, dispaddr will request a buffer from the 
buffer manager on every vsync. Until a buffer is ready, 
dispaddr will receive a zero (no display) buffer. When it 
finally gets a good buffer index, dispaddr has no idea 
where it is on the display. It may, therefore, be 
necessary to synchronize the display startup with the 
correct vsync. 

READ_START 

For interlaced displays at startup, this bit determines 
on which vsync display will actually start. Furthermore, 
having received a display buffer index, dispaddr may "sit 
out" the current vsync in order to line up fields on the 
display with the fields in the buffer. 

INTERLACED/ PROGRESSIVE 

0 : Progressive 

1 : Interlaced 

In progressive mode, all lines are read out of the 
display area of the buffer. m interlaced mode, only 
alternate lines are read. Whether reading starts on the 
first or second line depends on field_info. Note that with 
(interlaced) field-pictures, the system wants to read all 
lines from each buffer so the setting of this bit would be. 
progressive. The mapping between field_info and 

first/second line start may be inverted by lsb_invert (so 
named for historical reasons) . 
LSB_INVERT 

When set, this bit inverts the field_info signal seen by 
the line counter. Thus, reading may be started on the 
correct line of a frame and aligned to the display 
regardless of the convention adopted by the encoder, the 
display or the Top-Level Registers. 
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LINE_RPT[ 2:0] 

Each bit, when set, causes the lines of the corresponding 
component to b<=> F in 9 

e . c . Th tW1Ce (blt Q affects component o 

- } \. 13 f ° rms the f ^st part of the vertical 

= unsampl lng . It is used in the 8 t . nes upsampl ^ 

requxred for conversion fro* qfif to 601. 9 

COMP0HOLD 

This bit is US e d to program the ratio of the number of 

10 to tho , US ° PPOSed ^ « is ^*y**> tor component 0 

10 to those of components 1 and 2). 

0: Same number of lines, i.e., 4:4:4 data in 
the buffers. 

l: Twice as many component 0 lines, i.e. 4-2-0 
Page/Block Address Generators (dramctls) 
» When passed a line address, these plods generate a 

' eS f* Pa ^ e/li - tresses and blocks to read along the 
line The minimum paqe „ idth of , blocks ^ 

and the resulting outputs consist of a page address, a 3 
b.t line number, a 3 bit block start, and a 3 bit block 
20 stop address. (T he line number is calculated by dline and 
passed through the dramctls unmodified, . Thus, to rZ out 
.Pixels of line 5 form page o*aa starting from the third 

lin.) , the addresses passed to the DRAM interface would bei 

dz> Pa 9e = oxaa 

Line = 5 

Block start =2 
Block stop =7 
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Each of these three machines has 5 datapath registers. 
These are shown in Table C.3.4. The basic behavior of each 
draiDctl is: 
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Block start = 2 
Block stop =7 

Each of these three machines has 5 datapath registers. These are shown in Table C.3.4 

The basic behaviour of each dramctl is:- 
while (true) 
{ 

CNT_LEFT = 0; 

G ET_ A_N E W_L I N E_ ADD R ESS from dline; 
BLOCK_ADDR = input_block_addr + 0; 
PAGE_ADDR = input_page_addr + 0; 
CNT_LEFT = DISP.HBS + 0; 
while (CNTJ.EFT > BLOCKS.LEFT) 

{ 

BLOCKS.LEFT = 8 - BLOCK.ADDR; 

— > output PAGE.ADDR, start=BLOCK_ADDR, stop=7. 

PAGE.ADDR = PAGE.ADDR + 1; 

BLOCK.ADDR = 0; 

CNT J.EFT = CNT.LEFT - BLOCKS_LEFT; 
) 

r Last Page of line 7 

CNT_LEFT = CNTJ.EFT + BLOCK.ADDR; 
CNT_LEFT = CNT.LEFT - 1; 

— > output PAGE_ADDR,start=BLOCK_ADDR,stop=CNT_LEFT 
} 
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Table c.3.5 Dramctl<o,i 42 ) Datapath Registers 



Table C.3.5 Dramctl(0,1 & 2) Datapath Registers 



Register Names 


Bus 


Keyhole 
Address 


Description 


f 
1 

| Comments 


OlSP.CCMPO.H8S 


i A 


j 0x48.49.4a.4t> 


The number of 


1 This register 


D1SP_C0MP1_HBS 


A 


| Ox4c.4d.4e.4f 


nonzontai 


musr be loacec 


3iSP.COMP2.HBS 


A 


OxSO. 5 1.52,53 


blocks to be 
read. c.f. 
AOOR.HBS 


before 

operators car 
1 beg.r.. 


CNT.LrrTO 




0x54, 55.56.57 


Numoer of 


These registers 


C. NT. LE FT 1 


A 


0x58.59.5a.5b 


blocks remaining 
to be read 


CNT.L==T2 


A 


OxSc.5d.5e,5f 


are temporary 
locations used 


PAGE.ADDRO 


A 


0x60,61,62,63 


The address of 


by ciscacc:. 


PAGE.AD0R1 


A 


0x64,65.66,67 


the current 


PAGE.A0DR2 


A 


Ox68,69,6a.6b 


page. 


Note: Ail 


BLCCK.ACDRO 


8 


Ox6c.6d.6e.6f 


Current block 


registers are R/ 


5LCCK.ADDR1 


B 


0x70.71,72,73 


address 


W from trte uci 


3LCCK.A0DR2 


B 


0x74,75,76.77 






2LCCKS.LEFT0 


B 


0x78.79,7a.7b 


Blocks left m 




3LOCKS.LEFT1 


B 


0x7c.7d,7e,7f 


current page 




BLOCKS. LEFT2 


B 


0x80.81.82.83 





Programming 

The following 15 dispaddr registers must be programmed before operation can begin. 

BUFF£R_BASE0,1.2 

D!SP_COMP_OFFSET0.1.2 

DISP_VBS_COMP0.1,2 

ADDR_HBS_COMP0.1.2 

DISP_COMP0.1.2_HBS 
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Using the reset state of the dispaddr control registers 
will give a 4:2n interlaced display with no line repeats 
synchronized and starting on the top field 
(field_info=HIGH) . Figure 159, "Buffer 0 Containing a SIF 
(22 by 18 macroblocks) picture, » shows a typical buffer 
setup for a SIF picture. (This example is covered in more 
detail in Section C.13). Note that in this example, 
DISP_HBS_COMPn is equal to ADDR_HBS_COMPn and likewise the 
vertical registers DISP_VBS_COMPn and the equivalent write 
address generator register are equal, i.e., the area to be 
read is the entire buffer. 

Windowing with the Read Address Generator 
It is possible to program dispaddr such that it will read 
only a portion (window) of the buffer. The size of the 
window is programmed for each component by the registers 
DISP_HBS, DISP_VBS, COMPONENT_OFFSET , and 

LINES_IN_LAST_ROW. Figure 160, "SIF Component O with a 
display window," shows how this is achieved (for component 
O only) . 

In this example, the register setting would be: 

BUFFER_BASEO = OxOO 

DISP_COMP_OFFSETO = Ox2D 

DISP_VBS_COMPO = 0x22 

ADDR_HBS_COMPO = 0x2 C 

DISP_HBS_COMO = 0x2A 

Notes : 

•The window may only start and stop on block boundaries. 
In this example we have left LINES_lN_LAST_ROW equal to 
7 (meaning all eight) . 

•This example is not practical with anything other than 
4:4:4 data. In order to correspond, the window edges 
for the other two components could not be on block 
boundaries. 

•The color space converter will hang up if the data it 
receives is not 4:4:4. This means that these read 
windows, in conjunction with the upsamplers must be 
programmed to achieve this. 
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SECTION C.5 Datapaths for Address Generation 

The datapaths used in dispaddr and waddrgen are identical 
in structure and width (18 bits), only differing in the 
number of registers, some masking, and the flags returned 
5 to the state machine. The circuit of one slice is shown in 
Figure 165, "Slice Of Datapath,". Registers are uniquely 
assigned to drive the A or B bus and their use (assignment) 
is optimized in the controller. All registers are loadable 
from the C bus, however, not all "load" signals are driven. 

10 All operations involving the adder cover two cycles 
allowing the adder to have ordinary ripple carry. Figure 
166, "Two cycle operation of the datapath," shows the 
timing for the two cycle sum of two registers being loaded 
back into the "A" bus register. The various flags are 

15 "phO"ed within the datapath to allow ccode generation. For 
the same reason, the structure of the datapath schematics 
is a little unusual. The tristates for all the registers 
(onto the A and B buses) are in a single block which 
eliminates the combinatorial path in the cell, therefore, 

2 0 allowing better ccode generation. To gain upi access to 
the datapaths, the access bit must be set, for without 
this, the upi is locked out. Upi access is different from 
read and write: 

•Writing: When the access bit is set, all load signals 

2 5 are disabled and one of a set of three byte addressed 

write strobes driven to the appropriate byte of one of 
the registers. The upi data bus passes vertically down 
the datapath (replicated, 2-8-8 bits) and the 18 bit 
register is written as three separate byte writes 

3 0 • Reading: This is achieved using the A and B buses. 

Once again, the access bit must be set. The addressed 
register is driven onto the A or B bus and a upi byte 
select picks a byte from the relevant bus and drives it 
onto the upi bus. 
3 5 As double cycle datapath operations require the A and B 

buses to retain their values, and upi accesses disrupt 
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10 



15 



20 



these, access must only be given by the controlling state 
machine before the start of any datapath operation. 

All datapath registers in both address generators are 
addressed through a 9 bit wide keyhole at the top level 
address Ox28 (msb) and Ox29 (Isb) for the keyhole, and Ox2A 
for the data. The keyhole addresses are given in Table 
C. 11 . 2 . 

Notes : 

1) A11 address registers in the address 
generators (dispaddr and waddrgen) contain 
blocked addresses. Pixel addresses are never 
used and the only registers containing line 
addresses are the three LINES_IN_LAST_ROW 
registers. 

2) Some registers are duplicated between the 
address generators, e.g., BUFFER_BASEO occurs 
in the address space for dispaddr and 
waddrgen. These are two separate registers 
which BOTH need loading. This allows display 
windowing (only reading a portion of the 
display store), and eases the display of 
formats other than 3 component video. 
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SECTION C.6 The DRAM Interface 

C.6.1 Overview 

In the present invention, the Spacial Decoder, Temporal 
Decoder and Video Formatter each contain a DRAM Interface 
block for that particular chip. In all three devices, the 
function of the DRAM Interface is to transfer data from the 
chip to the external DRAM and from the external DRAM into 
the chip via block addresses supplied by an address 
generator . 

The DRAM Interface typically operates from a clock which 
is asynchronous to both the address generator and to the 
clocks of the various blocks through which data is passed. 
This asynchronism is readily managed, however, because the 
clocks are operating at approximately the same frequency. 

Data is usually transferred between the DRAM Interface 
and the rest of the chip in blocks of 64 bytes (the only 
exception being prediction data in the Temporal Decoder). 
Transfers take place by means of a device known as a "swing 
buffer". This is essentially a pair of RAMs operated in a 
double-buffered configuration, with the DRAM interface 
filling or emptying one RAM while another part of the chip 
empties or fills the other RAM. A separate bus which 
carries an address from an address generator is associated 
with each swing buffer. 

Each of the chips has four swing buffers, but the 
function of these swing buffers is different in each case. 
In the Spacial Decoder, one swing buffer is used to 
transfer coded data to the DRAM, another to read coded data 
from the DRAM, the third to transfer tokenized data to the 
DRAM and the fourth to read tokenized data from the DRAM. 
In the Temporal Decoder, one swing buffer is used to write 
Intra or Predicted picture data to the DRAM, the second to 
read intra or Predicted data from the DRAM and the other 
two to read forward and backward prediction data. In the 
Video Formatter, one swing buffer is used to transfer data 
to the DRAM and the other three are used to read data from 
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the DRAM, one for each of Luminance (Y) and the Red and 
Blue color difference data (Cr and Cb, respectively) . 

The operation of a generic DRAM Interface is described 
in the Spacial Decoder document. The following section 
describes those features of the DRAM Interface, in 
accordance with the present invention, peculiar to the 
Video Formatter. 

C.6,2 The Video Formatter DRAM Interface 

In the video formatter, data is written into the external 
DRAM in blocks, but read out in raster order. Writing is 
exactly the same as already described for the Spacial 
Decoder, but reading is a little more complex. 

The data in the Video Formatter external DRAM is 
organized so that at least 8 blocks of data fit into a 
single page. These 8 blocks are 8 consecutive horizontal 
blocks. When rasterizing, 8 bytes need to be read out of 
each of 8 consecutive blocks and written into the swing 
buffer (i.e., the same row in each of the 8 blocks). 

Considering the top row (and assuming a byte-wide 
interface) , the x address (the three LSBs) is set to zero, 
as is the y address (3 MSBs) . The x address is then 
incremented as each of the first 8 bytes are read out. At 
this point, the top part of the address (bit 6 and above - 
LSB = bit 0) is incremented and the x address (3 LSBs) is 
reset to zero. This process is repeated until 64 bytes 
have been read. With a 16 or 32 bit wide interface to the 
external DRAM, the x address is merely incremented by two 
or four instead of by one. 

The address generator can signal to the DRAM Interface 
that less than 64 bytes should be read (this may be 
required at the beginning or end of a raster line) although 
a multiple of 8 bytes is always read. This is achieved by 
using start and stop values. The start value is used for 
the top part of the address (bit 6 and above) , and the stop 
value is compared with this and a signal generated which 
indicates when reading should stop. 



SECTION C.7 Vertical Upsampling 
C.7.1 Introduction 

Given a raster scan of pixels of one color component at 
its input, the vertical upsampler in accordance with the 
present invention, can provide an output scan of twice the 
height. Mode selection allows the output pixel values to 
be formed in a number of ways. 
c.7.2 Ports 

Input two wire interface: 

•in_valid 

• in_accept 

•in_data [ 7 : O] 

•in_lastpel 

•in_lastline 

Output two wire interface: 

•out_valid 

•out_accept 

•out_data [9:0] 

•out_last 

mode[2:Oj 

nu P data[7:0], upaddr, up«.l [3 :0]. uprstr, upwstr 
ramtest 

tdin, tdout, tphO, tckm, tcks 

pho, phi, notrsto 
C.7. 3 Mode 

As selected by the input bus mode[2:OJ. 

Mode register values i and 7 are not used. 

in each of the above modes, the output pixels are 
represented as 10-bit values, not as bytes. No rounding or 
truncation takes place in this block. Where necessary 
values are shifted left to use the same range. 
C7. 3.1 Mode 0:Fifo 

The block simply acts as a FIFO store. The number of 
output pixels is exactly the same as at the input. The 
values are shifted left by two. 
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C.7.3.2 Mode 2: Repeat 

Every line in the input scan is repeated to produce an 
output scan twice as high. Again, the pixel values are 
shifted left by two. 

A-> ABACBDBCCDD 
C • 7 . 3 . 3 Mode 4 : Lover 

Each input line produces two output lines. In this 
"lower" mode, the second of these two lines (the lower on 
the display) is the same as the input line. The first of 
the pair is the average of the current input line and the 
previous input line. In the case of the first input line, 
where there is no previous line to use, the input line is 
repeated . 

This should be selected where chroma samples are co-sited 
with the lower luma samples. 

A-> ABAC(A-rB) /2DB(B^C) /2C(C + D) / 2D 
C.7.3.4 Mode 5: Upper 

Similar to the "lower" mode, but in this case the input 
line forms the upper of the output pair, and the lower is 
the average of adjacent input lines. The last output line 
is a repeat of the last input line. 

This should be selected where chroma samples are co-sited 
with the upper luma samples. 

A-> AB (A+B) /2CBD(B+C) /2C(C+D) / 2DD 
c.7.3.5 Mode 6: Central 

This "central" mode corresponds to the situation where 
chroma samples lie midway between luma samples. In order 
to co-site the output chroma pixels with the luma pixels, 
a weighted average is used to form the output lines. 

A-> AB(3A+B)/4C(A+3B)/4D(3B^C)/4(B+3C) / 4 
( 3C + D) /4 (C+3D) /4D 
C.7.4 How it WorXs 

There are two linestores, imaginatively designated "a" 
and "b". in "FIFO" and "repeat" modes, only linestore "a" 
is used. Each store can accommodate a line of up to 512 
pixels (vertical upsampling should be performed before any 
horizontal upsamplng) . There is no restriction on the 
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length of the line in "FIFO" mode . 

The input signals in_lastpel and in_lastline are used to 
indicate the end of the input line and the end of the 
picture. In_lastpel, it should be high coincident with the 
last pixel of each line. In_lastlin e> it should be high 
coincident with the last pixel of the last line of the 
picture. 

The output signal out_last is high coincident with the 
last pixel of each output line. 

In "repeat" mode, each line is written into store "a". 
The line is then read out twice. As it is read out for the 
second time, the next line may start to be written. 

In "lower", "upper" and "central" modes, lines are 
written alternately into stores "a" and "b". The first 
line of a picture is always written into store "a". Two 
tiny state machines, one for each store, keep track of what 
is in each store and which output line is being formed. 
From these states are generated the read and write requests 
to the linestore RAMs, and the signals that determine when 
the next line may overwrite the present data. 

A register (lastaddr) stores the write address when 
in_lastpel is high, thereby providing the length of the 
line for the formation of the output lines. 
C. 7.5 UPI 

This block contains two 512 x 8 bit RAM arrays, which may 
be accessed via the microprocessor interface in the typical 
way. There are no registers with microprocessor access. 
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SECTION C.8 The Horizontal Up-Skmplers 

C.8.1 Overview 

in the present invention, top-Level Registers contain 
three identical Horizontal Up-samplers, one for each color 
component. All three are controlled independently and 
therefore, only one need be described here. From the 
user's point of view, the only difference is that each 
Horizontal Up-sampler is mapped into a different set of 
addresses in the memory map. 

The Horizontal Up-sampler performs a combined replication 
and filtering operation. m all, there are four modes of 
operation : 

Table c.7.1 Horizontal Up-sampler Modes 



Mode 


| Function j 


0 


I™ 1 

| straight-through (no processing). The reset state. ! 

■ ■ i 


1 


No up-sampling, filter using a 3-tap FIR filter. j 


2 


x2 up-samplmg and filtering 


3 


x4 up-sampling and filtering 



C.8.2 Using a Horizontal Up-sampler 

15 The address map for each Horizontal Up-sampler consists 

of 25 locations corresponding to 12 13-bit coefficient 
registers and one 2-bit mode register. The number written 
to the mode register determines the mode of operation, as 
outlined in Table C.7.1. Depending on the mode, some or 
20 all of the coefficient registers may be used. The 
equivalent FIR filter is illustrated below. 

Depending on the mode of operation, the input, x n , is 
held constant for one, two or four clock periods. The 
actual coefficients that are programmed for each mode are 
23 as follows: 
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Table C.7.2 Coefficients for Mode l 



Cceff 


All ClOCK >er:oCS 


*0 | cOO 


K1 j C10 


k2 


c20 



Table C.7.3 Coefficients for Mode 2 



Coeff 


1st clock period 


2nd clock oenoc j 




cOO 


cOi j 


Kl 


c:0 


cn i 




c20 


c21 j 



Table C.7.4 Coefficients for Mode 3 



j Coeff 


isi clock penod 


2nd clock penod 


3rd clock penod 


j Mft ciock period ■ 


| *o 


cOO 


cOi 


c02 


1 c03 j 


j K1 


CIO 


C11 


C12 


j C 1 3 t : 


I <2 


c20 


z2\ 


c22 


1 c23 
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Coefficients which are not used in a particular mode need 
not be programmed when operating in that mode. 

In order to achieve symmetrical filtering, the first and 
last pixels of each line are repeated prior to filtering. 
5 For example, when up-sampling by two, the first and last 
pixels of each line are replicated four times rather than 
two. Because residual data in the filter is discarded at 
the end of each line, the number of pixels output is still 
always exactly one, two or four times the number in the 
10 input stream. 

Depending on the values of the coefficients, output 
samples can be placed either coincident with or shifted 
from the input samples. Following are some example values 
for coefficients in some sample modes. A "-" indicates 
that the value of the coefficient is "don't care." All 
values are in hexadecimal. 



15 





Table C.7.5 


Sample Coefficients 


Coefficient 


xZ up-sampie. cyp pels 
coincident with i/D 


x2 up-sampie. o/p pels in 
between \Jq 


x4 up*sampfe. c/o pes n 
oerween v'p 


cOO 


0000 


01 BO 


00E9 


c01 


0000 


01 0B 


00B6 


cC2 






012A 


c03 




0102 


C10 


0800 


0538 


0661 


C11 


0400 


0538 I 


0661 


C12 




0446 


C13 I 

! 




029F 


c20 


0000 


010B 


00E6 


c21 


0400 


01 BD 


0OE9 


c22 






0290 


c23 i 


j 045 = 
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C.8.3 Description of a Horizontal Up-Sampler 

The datapath of the Horizontal Up-sampler is illustrated 
in Figure 168* 

The operation is outlined below for the x4 upsample case, 
5 In addition, x2 upsampling and xl filtering (modes 2 and l) 
are degenerate cases of this, and bypass (mode O) the 
entire filter, data passing straight from the input latch 
to the output latch via the final mux, as illustrated. 

1) When valid data is latched in the input 

10 latch ("L"), it is held for 4 clock periods. 

2) The coefficient registers (labelled "COEFF") are 

multiplexed onto the multipliers for one clock 
period, each in turn, at the same time as the 
two sets of four pipeline registers (labelled 
15 "PIPE") are clocked. Thus, for input data x B , 

the first PIPE will fill up with the values cOO.x,,, 
cOl.x,, C02.X,,, cOa.Xn. 

3) Similarly, the second multiplier will multiply x n 

by of its coefficients, in turn, and the third 
20 multiplier by all its coefficients, in turn. 

It can be seen that the output will be of the form shown 
in Table C.7.6 

Table C. 7.6 Output Sequence for Mode 3 



Clockl Period 


Output 


0 


C20.X-, + dCx^ + cOO.Xn.2 


1 


c21.Xn * Cl1.Xn., + C01.Xn. 2 


2 


C22.X„ + C12JC,,., + C02JCn.2 


3 


C23.3C, + c1 3.X fV j + c03.Xn. 2 



From the point of view of the output, each clock period 
25 produces an individual pixel. Since each output pixel is 
dependent on the weighted values of 12 input pixels 
(although there are only three different values) , this can 



be thought of as implementing a 12 tap filter on x4 up- 
sampled input pixels. 

For x2 upsampling, the operation is essentially the same, 
except the input data is only held for two clock periods. 
Furthermore, only two coefficients are used and the "PIPE" 
blocks are shortened by means of the multiplexers 
illustrated. For xl filtering, the input is only held for 
one clock period. As expected, one coefficient and one 
"PIPE" stage are used. 

We now discuss a few notes about some peculiarities of 
the implementation in the present invention. 

1) The datapath width and coefficient width (13 bit 2's 
complement) were chosen so that the same multiplier 
could be used, as was designed for the Color-Space 
Converter. These widths are more than adequate for the 
purpose of the Horizontal Up-sampler. 

2) The multiplexers which multiplex the coefficients onto 
the multipliers are shared with the UPI readback. This 
has led to some complications in the structure of the 
schematics (primarily because of difficulty in CCODE 
generation) , but the actual circuit is smaller. 

3) As in the Color-Space Converter, carry-save 
multipliers are used, the result only being resolved at 
the end. 

Control for the entire Horizontal Up-sampler can be 
regarded as a single two-wire interface stage which may 
produce two or four times the amount of data at its output 
as there is on its input. The mode which is programmed in 
via the UPI determines the length of a programmable shift 
register (bob) . The selected mode produces an output pulse 
every clock period, every two clock periods or every four 
clock periods. This, in turn, controls the main state 
machine, whose state is also determined by in_valid, 
out^accept (for the two-wire interface) and the signal 
M in__last". This signal is passed on from the vertical up- 
sampler and is high for the last pixel of every line. This 
allows the first and last pixels of each line tc be 
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replicated twice-over and the 
between lines (the pipeline 
redundant data immediately 
completed) . 



clearing down of the pipeline 
contains partially-processed 
after a line has been 
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SECTION C.9 The Color-Space Converter 

C.9.1 Overview 

The Color-Space Converter in the present invention (CSC) 
performs a 3x3 matrix multiplication on the incoming 9-bit 
5 data, followed by an addition: 



>-o 




c01 c02 c03 




*0 




c04 






c11 c12 c13 


X 


x1 


+ 


c14 


v2_ 




c12 c22 c23 




x2 




.c24 



Where xO-2 are the input data, yO-2 are the output data 
and cnm are the coefficients. The slightly unconventional 
naming of the matrix coefficients is deliberate, since the 
names correspond to signal names in the schematics. 
10 The CSC is capable of performing conversions between a 

number of different color spaces although a limited set of 
these conversions are used in Top-Level Registers. The 
design color-space conversions are as follows: 

Er> £ B ~* Y> C 3 

*, C. B -* Y, C R , C B 

y* E R* £ G> £ B 

Y, C R , C B ->R,G t B 



• Where R, G and B are in the range (Q..511) and all other 
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quantities are in the range of (32.. 470). Since the input 
to the Top-Level Registers CSC is Y, C R/ C H , only the third 
and fourth of these equations are of relevance. 

In the CSC design, the precision of the coefficients was 
5 chosen so that, for 9 bit data, all output values were 
within plus or minus 1 bit of the values produced by a full 
floating point simulation of the algorithm (this is the 
best accuracy that it is possible to achieve) . This gave 
13 bit twos-complement coefficients for cxO-cx3 and 14 bit 
10 twos-complement coefficients for cx4 . The coefficients for 
all the design conversions are given below in both decimal 
and hex. 

Table C.8,1 Coefficients for Various Conversions 





| Eq->Y 


R->Y 


Y->E fl 




. Coeft 




Hex 


Dec 


Hex 


Dec 


Hex 


Cec 


-ex 


' cCi 


! 0.2SS 


0132 


0.256 j 


1.0 


0400 


1.155 : 




. z02 


! C.5-7 


0259 


0.502 




1.402 


059C 


1.533 


C€c£ 


\ c03 


i o.iu 


0075 


0.098 


j 0.0 


0000 




ZCZC 


' rD4 


i 0.0 


0000 


16 




•179.456 


F4C8 


•223. -t73 


■ 1 53 


1 CM ! 0.5 


0200 


0.428 




1.0 


0400 


1.1-:= i 




z - 2 


j -0.419 


FE53 


•0.358 




-0.714 


F025 


-0.--5 i 




: ci3 


j -0.081 


. FFAO 


-0.070 




-0.344 


FEA0 




- z S-i 




[ 128.0 


0800 


128 { 


135.5 


0878 


139.7 i 


C£2A ■ 


; C21 


| -0.169 


FF53 


•0.144 




1.0 


0400 


1.153 1 




j c22 


f -0.331 


FEAD 


-0.283 j 


0.0 


0000 


0.0 j 


:c:o 


j c23 


I 0.5 


0200 


0.427 j 


1.772 


0717 


2.C7T ; 


C8-i3 


| C24 


! 128 


0800 


128 | 


•226.816 


F102 


•283. 34 | 


E=42 



All these numbers are calculated from the fundamental 
15 equation: 

Y = O.299E R +O.587E c +O.O114E 0 
and the following color-difference equations: 

Cr = E r -Y 

• ' c b =e b -y 
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The equations in R, G and B are derived from these after 
the full-scale ranges of these quantities are considered. 
C.9.2 Using the Color-Space Converter 

On reset, cOl, cl2, and c23 are set to l and all other 
5 coefficients are set to 0. Thus, y0=x0, yl-xl and y2=x2 
and all data is passed through unaltered. To select a 
color-space conversion, simply write the appropriate 
coefficients (from Table C.8.1, for example) into the 
locations specified in the address map. 
10 Referring to the schematics, X0..2 correspond to 

in_data0..2 and y0..2 correspond to out_data0 . . 2 . Users 
should remember that input data to the CSC must be up- 
sampled to 4:4:4. If this is not the case, not only will 
the color-space transforms have no meaning, but the chip 
15 will lock. 

It should be noted that each output can be formed from 
any allowed combination of coefficients and inputs plus (or 
minus) a constant. Thus, for any given color-space 
conversion, the order of the outputs can be changed by 
swapping the rows in the transform matrix (i.e., the 
addresses into which the coefficients are written) . 

The CSC is guaranteed to work for all the transforms in 
Table C.8.1. If other transforms are used the user must 
remember the following: 

1) The hardware will not work if any intermediate result 
in the calculation requires greater than 10 bits of 
precision (excluding the sign bit) . 

2) The output of the CSC is saturated to 0 and 511. That 
is, any number less than 0 is replaced with 0 and any 
number more than 511 is replaced with 511. The 
implementation of the saturation logic assumes that the 
results will only be slightly above 511 or slightly 
below o. If the CSC is programmed incorrectly, then a 
common symptom will be that the output appears to 
saturate all (or most of) the time. 
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C.9.3 Description of the CSC 

The structure of the CSC is illustrated in Figure 169, 
where only two of the three "components" have been shown 
because of space limitations. In the Figure, "register" or 
5 "R" implies a master-slave register and "latch" or "L" 
implies a transparent latch. 

All coefficients are loaded into read-write UPI registers 
which are not shown explicitly in the Figure. To 
understand the operation, consider the following sequence 
10 with reference to the left-most "component" (that which 
produces output out_data0) : 

l)Data arrives at inputs x0-2 (in_data0-2) . This 

represents a single pixel in the input color-space. 

This is latched. 
15 2)x0 is multiplied by cOl and latched into the first 

pipeline register. xl and x2 move on one register. 

3)xl is multiplied by c02, added to (xl.cOl) and latched 

into the next pipeline register. x2 moves on one 

register. 

2 0 4)x2 is multiplied by c03 and added to the result of 

(3), producing (xl.cOl + x2.c02 + x3.c03). The result 
is latched into the next pipeline register. 

5) The result of (4) is added to c04 . Since data is kept 
in carry-save format through the multipliers, this adder 

2 5 is also used to resolve the data from the multiplier 

chain. The result is latched in the next pipeline 
register. 

6) The final operation is to saturate the data. Partial 
results are passed from the resolving adder to the 

30 saturate block to achieve this. 

It can be seen that the result is yO, as specified in the 
matrix equation at the start of this section. Similarly, yl 
and y2 are formed in the same manner. 

Three multipliers are used, with the coefficients as the 

3 5 multiplicand and the data as the multiplicator . This 

allows an efficient layout to be achieved, with partial 
results flowing down the datapath and the same input data 
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being routed across three parallel and identical datapaths, 
one for each output. 

To achieve the reset state described in Section C.9.2, 
each of the three "components" must be reset in a different 
way. In order to avoid having three sets of schematics and 
three slightly different layouts, this is achieved by 
having inputs to the UPI registers which are tied high or 
low at the top level. 

The CSC has almost no control associated with it. 
Nevertheless, each pipeline stage is a two-wire interface 
stage, so there is a chain of valid and accept latches with 
their associated control (in_accept = out_accept_r * 
lin_valid_r) . The CSC is, therefore, a 5-stage deep two- 
wire interface, capable of- holding 10 levels of data when 
15 stalled. 

The output of the CSC contain re-synchronizing latches 
because the next function in the output pipe runs off a 
different clock generator. 



10 
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SECTION C.10 Output Controller 

C.10.1 Introduction 

The output controller, in accordance with the present 
invention, handles the following functions: 
•It provides data in one of three modes 

• 24-bit 4:4:4 

• 16-bit 4:2:2 

• 8-bit 4:2:2 

•It aligns the data to the video display window defined 
by the vsync and hsync pulses and by programmed timing 
registers 

•It adds a border around the video window, if 
required 
c.10.2 Ports 

Input two wire interface: 

• in_valid 

•in_accept 

•in_data [23:0] 
Output two wire interface: 

•out_valid 

•out_accept 

•out_data[ 23 : 0] 

•out_act ive 

•out_window 

•out_comp[l:0] 

in__vsync, in_hsync 

nupdata[7:0] , upaddr[4:0], upsel, rstr, wstr 
tdin, tdout, tphO, tckm, tcks chiptest 
phO, phi, notrsto, notrstl 
c.io.3 Out Modes 

The format of the output is selected by writing to the 
opmode register. 
C. 10. 3.1 Mode O 

This mode is 24-bit 4:4:4 RGB or YCrCb. Input data passes 
directly to the output. 
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C. 10.3.2 Modes 1 and 2 

These modes present 4:2:2 YCrCb. Assuming in_data [ 2 3 : 16 ] 
is Y , in_data [ 15 : 8 ] is Cr and in_data[7:0] is Cb. 
C. 10. 3.2.1 Mode 1 
5 In 16-bit YCrCb, Y is presented on out_data [ 15 : 8 ] . Cr 

and Cb are time multiplexed on out_data r 7 : 0 ] , Cb first. 
Out_data [ 23 : 16 ] is not used. 
C. 10.3.2.2 Mode 2 

In 8-bit YCrCb, Y , Cr and Cb are time multiplexed on 
10 out_data[7:0] in the order Cb, Y, Cr, Y. Out_data [ 2 3 : 8 ] is 
not used. 

C. 10.3.3 Output Timing 

The following registers are used to place the data in a 
video display window. 
1 5 #vdelay - The number of hsync pulses f ol lowing a vsync 

pulse before the first line of video or border, 
•hdelay - The number of clock cycles between hsync and 
the first pixel of video or border. 

•height - The height of the video window, in lines. 
2 0 ©width - The width of the video window , in pixels . 

•north, south - The height of the border, respectively, 
above and below the video window, in lines, 
•west, east - The width of the border, respectively, to 
the left and to the right of the video window, in pels. 

2 5 The minimum vdelay is zero. The first hsync is the first 

active line. The minimum value that can be programmed into 
hdelay is 2. Note, however, that the actual delay from 
in_hsync to the first active output pixel is hdelay+l 
cycles . 

30 Any edge of the border can have the value zero. The 

color of the border is selected by writing to the registers 
border_r, border_g and border_b. The color of the area 
outside the border is selected by writing to the registers 
blank_r, blank_g and blank_b. Note that the multiplexing 

3 5 performed in output modes 1 and 2 will also affect the 

border and blank . components . That is, the values in these 
registers correspond with in_data [ 2 3 : 16 1 , in_data [ 15 : 8 ] and 



649 



in_data [7:0]. 

C. 10.-4 Output Flags 

• out_active indicates that the output data is part of 
the active window, i.e., video data or border. 
5 .out_window indicates that the output data is part of 

the video window. 

•out_comp[l:0] indicates which color component is 
present on out_data [ 7 : 0] in output modes 1 and 2. in 
mode 1, 0=Cb, l=Cr. In mode 2, 0=Y, l=Cr, 2=Cb. 
10 C.lo.S Two-Wire Mode 

The two-wire mode of the present invention is selected 
by writing 1 to the two wire register. it is not selected 
following reset. In two wire mode, the output timing 
registers and sync signals are ignored and the flow of data 
through the block is controlled by out_accept. Note that 
in normal operation, out_accept should be tied high. 
c.io.6 Snooper 

There is a super-snooper on the output of the block which 
includes access to the output flags. 
2 0 C.io.7 How It Works 

Two identical down-counters keep track of the current 
position in the display. "Vcount" decrements on hsyncs and 
loads from the appropriate timing register on vsync or at 
_• its terminal count. "Hcount" decrements on every pixel and 
25 loads on hsync or at its terminal count. Note that in 
output mode 2, one pixel corresponds to two clock cycles. 
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SECTION C.ll The Clock Dividers 
C. 11 . l Overview 

Top-Level Registers in the present invention contain two 
identical Clock Dividers, one to generate a PICTURE_CLK and 
one to generate an AUDIO_CLK. The Clock Dividers are 
identical and are controlled independently. Therefore, 
only one need be described here. From the user's point of 
view, the only difference is that each Clock Divider's 
divisor register is mapped into a different set of 
addresses in the memory map. 

The Clock Divider's function is to provide a 4X sysclk 
divided clock frequency, with no requirement for an even 
mark-space ratio. 

The divisor is required to lay in the range -0 to 
-16,000,000 and, therefore, it can be represented using 
24bits with the restriction that the minimum divisor be 16. 
This is because the Clock Divider will approximate an equal 
mark-space ratio (to within one sysclk cycle) by using 
divisor/2. As the maximum clock frequency available is 
sysclk, the maximum divided frequency available is 
sysclk/2. Furthermore, because four counters are used in 
cascade divisor/2 must never be less than 8, else the 
divided clock output will be driven to the positive power 
rail . 

C.ll.2 Using a Clock Divider 

The address map for each Clock Divider consists of 4 
locations corresponding to three 8-bit divisor registers 
and one 1-bit access register. The Clock Divider will 
power-up inactive and is activated by the completion of an 
access to its divisor register. 

The divisor registers may be written in any order 
according to the address map in Table C.10.1. The Clock 
Divider is activated by sensing a synchronized 0 to l 
transition in its access bit. The first time a transition 
is sensed, the Clock Divider will come out of reset and 
generate a divided clock. Subsequent transitions (assuming 
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the divi 



isor has also been altered) will mere i y cause the 
Clock Divider to lock to its new frequency »on-the-fly - 
Once activated, there is no way of halting the Clock 
Divider other than by Chip RESET. 



Table c.io.i clock Divider Regist 



era 



Address 


Register 


00b 


access bit 


010 


dMsor MSB 


10b 


divisor 


lib 


divisor ISS | 



10 



15 



20 



Any divisor value in the range i6 ^ ■ 
used. 1 
C.li.3 Description of the Clock Divider 

The Clock Divider is implemented as four 22 bit counters 
which are . cascaded such that as one counter carries, it 
will activate the next counter in turn. A counter will 
count down the value of divisor/4 before carrying and, 
therefore, each counter will take it, in turn, to generate- 
a pulse of the divided clock frequency. 

After carrying, the counter will reload with divisor/8 
and this is counted down to produce the approximate equal 
mark-space ratio divided clock. As each counter reloads 
from the divisor register when it is activated by the 
previous counter, this enables the divided clock frequency 
to be changed on the fly by simply altering the contents of 
the divisor. 

Each counter is clocked by its own independent clock 
generator in order to- control clock skew between counters 
precisely and to allow each counter to be clocked by a 
different set of clocks. 

A state machine controls the generation of the divisor/4 
and divisor/8 values and also multiplexes the correct 
source clocks from the PLL to the clock generators. The 
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counters are clocked by different clocks dependent on the 
value of the divisor. This is because different divisor 
values will produce a divided clock whose edges are placed 
using different combinations of the clocks provided from 
5 the PLL . 

C.11,4 Testing the Clock Divider 

The Clock Divider may be tested by powering up the Chip 
with CHIPTEST High. This will have the effect of forcing 
all of the clocked logic in the Clock Divider to be clocked 
10 by sysclk, as opposed to, the clocks generated by the PLL. 

The Clock Divider has been designed with full scan and, 
thus, may subsequently be tested using standard JTAG 
access, as long as the Chip has been powered up as above. 
The functionality of the Clock Divider is NOT guaranteed 
15 if CHIPTEST is held High while the device is running in 
normal operation. 
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SECTION C.12 Address Maps 

C.12.1 Top Level Address Map 

Notes:- 

DThe register for the Top Level Address Map as set 
forth in Table C.li.i are the names used during the 
design. They are not necessarily the names that will 
appear on the datasheet. 

2) Since this is a full address map, many of the 
locations listed here include locations for test only. 



! REGISTER NAME 


Address 


Bits 


COMMENT I 


: bu.svsnt j 0x0 


6 


Write 1 to reset j 


SU.MASK | 0x1 


8 


R/W » 

I 


BU.ENJNTERRUPTS I 0x2 


1 


R/W j 


9U_WAD0R.CO0.STD 


0x4 


2 


R/W 


| 3U_WACDR_ACCESS j 0x5 


1 


R/W- access 


1 SU.WACDR.CTU 


0x6 


3 


R/W | 


j BU_DfSPA0OR.LINESjN.LAST.ROW0 j 0x8 


3 


R/W j 


! BtL0lSPADDR.UNES.IN.LAST.ROWl 


0x9 


3 


R/W ; 


1 oU_0lSPAD0R.UNESjN_LAST.ROW2 


Oxa 


3 I R/W j 


j BU.OISPADDR.ACCESS 


Oxto 


1 


R/W- access i 


i 9U_OISPAODR_CTL0 


Oxc 


8 


R/W ; 

t 


; BU.DISPA0DR.CTL1 


Oxd 


1 


R/W j 


BU.BM.ACCESS 


0x10 


1 


RAV- access j 


SU.BM.CTLO j 0x11 


2 


R/W j 


BU.BM.TARGETJX 


0x12 


4 


R/W j 

! 


8U_SM.PRES.NUM 


0x13 


8 


R/W-asvncrvonous j 


SU.BM_THIS.PNUM 0 x14 


8 


R/W j 


j 3U_3M_PIC_NUM0 


0x15 


8 


R/W j 


; BU_BM,P(C.NUM1 


0x16 


8 


R/W j 


1 3U_3M.PIC.NUM2 | 0x17 


8 


R/W 


3U_3M.TEMP_REr | 0x18 


5 


RO 
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Table C.li.i Top-Level Registers a Top Level Address Map 



REGISTER NAME 




Adcre&s 


Sits 


I CCVMENT 


3U.A00RGEN.KEYHOLE 


.ADOR. 


_V*SB 


0x23 


I 1 


===== 

H/w* a c c ' e ss jenersi^r 


BU.AOORGEN.KEYHOLS 


-AOOR. 




I 0x29 


! a 


Keyncie. See 


8U.AD0RGEN.KEYMCLE 


.DATA 




0x2a 


8 


i s 30)6 C * * 2 for ecrtP^f ^ 


BL'JT.PAGE.START 






i 0x30 


5 


aw 


2UJT_R£AD_CYCLE 






0x01 

i 


i 


j R/W 


BU.tT.WRlTE.CYCLE 






0x32 


4 


i R/W 


I SUJT.RSFRESH.CYCLE 






0x33 


I 4 

t 


! R/W 


: BU_!T_RAS_=ALUNG 






0x34 


I - 


PAV 


[ 3UJT_CAS_FALLING 






0x35 


4 


R/W 


3UJT_CCNFIG 






0x36 


1 


R/W 


BU.OC.ACCESS 






0x40 


1 | R/W. access 


BU.OC.MODE 




j 0X41 




O AA/ 

R/W 


3U_OC_2WIRE 






0x42 


1 


H/W 

t 


SU.OC.BORDER.R 


0x49 


A 

8 


H/W 


j BU.OC.BORDER.G 






0x4a 


8 


R/W 


! BU.OC.BORDER.B 


0x4b 


8 


R/W 


3U_OC_SLANK_R 


0x4d 


8 


R/W 


i 3U_OC_SLANKj3 






0x4e 


8 


R/W 


3U_OC.BL>NK.3 


0x4f 


8 


R/W 


j 3U_OC_HDELAY_1 






uxsu 


3 


R/W 


; 3U_OC_HDELj*Y_0 






0x51 


3 


R/W 


j 3U_OC_WEST.1 


0x52 


3 


R/W j 


; 3U_OC_WEST_0 


0x53 




R/W j 


| BU.OC.EAST.1 


0x54 


3 


R/W 


BU.OC.EAST.O 






0x55 


8 


RVW 


SU_OC_WlDTH_1 






0x56 


3 


R/W 


BU.OC.WIOTH.O 






0x57 


8 


R/W j 


BU_OC_VDELAY_1 






0x58 


3 


R/W 


BU.OC.VDEUVY.O 


0x59 




R/W i 


SU.OC.NORTH.1 


0x5a 




R/W 


BU.OC.NORTH.O 






0x5D 


8 


R/W 


■ 3U.OC.SOUTH.1 






0x5c 


3 


R/W 


I 3U.OC.SOUTH.0 






! 0x5d 




R/W 


! 3U.OC.HEIGHT.1 






| 0x5e 


3 


R/W 


! 3U.OC.HEIGHT.0 






j 0x51 


! 8 


R/W 



Table .C. XI. 1 Top-Level Registers A Top 
Level Address Map (contd) 



ODZ> 




j BU.PAC.CONRG.1 j 0x78 


7 


RAV 


| BU.PAO.CONPIG.O 


0x79 


8 


RAV 


j BU.PLL.ReSlSTORS 


0x7a j 8 


RAV 


j BU_RE=JNfTERVAL 


0x70 | 6 


RAV • 


BU.REVISION 


0-* 1 8 ( RO- revision j 


The following registers are in the 'test space" 

j 

They are unlikely to appear on the datasheet. 


BU_6M_PRES.FLAG 


0x80 


1 


RAV i 


BU.BM_EXP.TR 


0x81 




These registers are 
missing on revA 


8U_SM_TR_DELTA 


0x82 




3U.3M_ARR.IX 0x83 


2 RAV 


au.8M.CSPjX 0x84 2 j RAV 


3U.SM_R0Y.IX 0x85 


2 


RAV 


BU_3M_SSTATE3 0 x86 


2 


RAV 


BU.3M.3STATE2 


0x87 


2 j fl/W 


Table C.1X.1 Top-Level Registers A Top Level 



Address Map (contd) 



Address | 8i!S j COMMENT 





BU.3M.BSTATS1 


| 0x68 


! * 


j R/W | 




eu.3W.:.N0EX 


! 0x69 


f 2 


1 av/ : 




3U.3M.STATE 


| 0x6a 


j 5 


; aw 




3L.=M.=-.0MPS 


] 0x6c 


i i 


i av; 


( 


3U_3M_PROMFL 


j 0x8c 


i i 


; av/ 


1 

f 


3U.CA_CCMP0.SNP3 


0x90 


! 9 


| aw . These are :r.e :r:ee 


i 


SU_0A.CCMP0.SNP2 


j 0x91 


! 8 


! snoopers cn *j*e Cisciav 




Sw.CA_CCMPO_SNPl 


! 0x92 


3 


J address generators 


i 
i 


3l-.0A_CCMP0.SNP0 


0x93 


i s 




i 


5U_0A_CCMP1_SNP3 


| 0x94 


1 8 


- address outrut 




3U_0A_CCMP1_SNP2 


| 0x95 


i 8 




| 3U_0A_CCMP1_SNP1 


0x96 


8 


; 


3U.OA.CCMP1.SNP0 


0x97 


I 8 




3U_0A_CCMP2_SNP3 


0x98 


8 




3w'_DA_CCMP2_SNP2 


0x99 


1 8 




BU.CA_CCMP2.SNP1 


0x9a 


1 8 


1 


5U_DA_CCMP2_SNP0 


0x9b 


8 






3L_UV_RAM1 A.ADDR.l 


OxaO 


8 


R/W - upi res; access .no 


3U.UV_RAM1A_ADDR_0 


Oxal 


8 


ine vencai Lssampiers 


3 w.J V_R AM 1 A. DATA 


Oxa2 | 


8 


RAMs j 

i 

! 


SU.UV.RAM1B.A0OR.1 


Oxa4 | 


8 




3U.UV.RAM1 B.ADDR.O 


Oxa5 j 

i 


8 




5U_UV_RAM 1 B.DATA 


0xa6 


8 


: 


3U_'JV_RAM2A.A0DR_1 


Oxa6 j 


8 


j 


BU_UV_RAM2A_ADOR_0 


0xa9 


8 


i 


SU.UV_RAM2A.DATA 


Oxaa ] 


8 


i 


BU.UV_RAM28.ADDR.1 


Oxac j 


8 


■ 




BU_UV_RAM23.AOOR_0 j 


Oxad | 


8 


t 


9U_UV.RAM2B.0ATA 


Oxaa j 


8 


J 


=U_WA_ACOR_SNP2 


OxbO I 


8 


aw - snooper on the wn:e j 




=U_WA_A00R_SNP1 j 


0x01 j 


8 


address generator address 


3U.WA_AODR.SNP0 


0x&2 I 


8 


o/p. 


5U_WA_0ATA_SNP1 


ox&4 ; 


3 


aw - snooper on cata 


=U.WA_CATA SNPO I 

i 


OxoS | 


8 


output 0/ WA 



Table c.ll.l Top-Level Registers A Top 
Level Address Map (contd) 
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REGiST£R NAME 


i 

j Address 


Bits 


COMMENT 


j 3UjP.SNP0_t 


j 0xo8 


I 8 


R/W - Three snocoers en 


| 9UJF_SNP0_0 


| 0x09 


l» 


trte dramif -at a curruis. 




BUJr_5NPi_i 


OxDa 


• 8 




i 5U.iP_SNPl_0 


Oxbb 


8 


; 


j 3U_!F_S.NP2_i 


: Oxt>c 




i 


j BU.iF.SNP2 0 

! Z 


Oxbd 


8 


; 


| 3UJFRAM_ADDR_1 


OxcO 


1 


R^VV - upi accsss if Ram ; 


! 3UJFRAM_ADDR_0 ( 


Oxd 


6 




j BUJFRAM_OATA 


0xc2 


8 




j BU_OC.SNP_3 


Oxc4 


8 




i =w_0C.SNP_2 j 


0xc5 


6 


cftip j 


j 3U.CC_SNP_1 | 


0xc6 | 


8 




: BU_CC_3NP_o | 


0xc7 


6 




; 3U.YAPLL.C0NFIG 


Oxc8 j 




RAV I 


SU.SM.FRONT_8YPASS j 


Oxca 


' 1 


R/W 



Table C.li.i Top-Level Registers A Top 
Level Address Map (contd) 

C.12.1 Address Generator Keyhole Space 

Notes on address generator keyhole table: 

1) A11 registers in the address generator keyhole 
take up 4 bytes of address space regardless of 
their width. The missing addresses (0x00, 0x04 
etc.) will always read back zero. 

2) The access bit of the relevant block (dispaddr 
or waddrgen) must be set before accessing this 
keyhole . 
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Table C.11.2 Top-Level RegistersA 
Address Generator Keyhole 





Key we 






Keywe = .e,is:e.' Name 


Actress 


: Sits 


Ccrrmer.is 


si; r\icp* rns 3Urr- — 3 3AS- MSB 






*3 Cfl 






3 


register - 


a;; nicsAnna at icrzsn sacs • cq 




• a 

i 3 
i 


Mus: .e 
icaced 


3U_DlSPADDR_BUFFSRl_3ASE_MSB 


0x05 


i 2 


Must be 


3U_0IS?ADCR_9UFFER1_3ASE_MID 


0xC6 


! 8 


Loaded 


3U_0ISPAD0R.BUFFER1_3ASS.LS8 


0x07 


! 8 




3U_0lSPAOOR_3UFFER2_3ASE_MSB 


0x09 


i 2 


Must ce 


1 3U_0lSPA0CR_9UFFER2.3ASE_V1lO 


0x0a 


i 8 


Loaded 


i 3U_0lS?A0DR_BUFrER2_3ASE_LSB 


CxCb 


i 8 




j 3U_3LOPATH_LiNE0_MS3 


0x0d 


i 2 


Test oriy 


i 3U_DLDPATH_UNE0_MID 


OxOe 


: 8 




i 5U_OLDPATH_LINE0_LS3 


OxCf 


; 8 




| 3U_0L0PATH_UNE1_MSB 


0x11 


I 2 


Test oniy 


! 3U_DL0PATH_LINE1_MID 


0x12 


1 8 




! 2U_DLDPATH_UNE1_LSB 


0x13 


i 3 

t 




j 3U_DLDPATH_UNE2_MS3 


0x15 


! 2 


Test sniy 


3U_0LDPATH_UNE2_MID 


0x16 


j 8 




BU.DLDPATHJJNE2J.SB 


0x17 


1 8 




BU_DLOPATH_VBCNfT0.VlS3 


Cx19 


i 2 


Test omy 


1 9U_OLOPATH_VBCNTO_MIO 


0x1a 


! 3 




j 3U_OLCPATH_VBCNT0_LS3 


OxiD 


■ 3 




'■ 3U 0LD?ATH_VBCNT1_MS3 


0x10 


i 2 


Test oniy 


: 5U_CLCPATH_VBCNT1_MID 


Oxie 


1 3 




. 5U_CLGPATH._V3CNT1.LS3 


Cxlf 


! 3 




j 3U_DL0?ATH_V8CNT2_mS5 


j :x2i 


j 2 


Tes; or.iy 


I 3U.DL0PATH_VBCNT2.MI0 


| 0x22 


i s 




, 3U_DLDPA7H.VBCNT2.LS3 


j 0x23 


: s 
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Table C.ii.2 Top-Level RegistersA 
Address Generator Keyhole 



Keyncie Register Nsrr.fi 


Keyncte 
Address 


! 

! 3>is 

i 


j i 

j Ccrr.rrer.ts - 


3U_DlSPACC=_CCMP0.CF~3ET_MS3 


Cx25 


\ 2 


; Mus; :e 


5U_DiSPAOCR_CCMPC_CF=3ET_MlO 


0x25 


\ 3 


Leasee 


SU.OISPADCR_CCMPO_OFFSET.LSS 


0x27 


! e 


j 
1 


3U_DISPADCR_CCMP 1 .OFF5ET_MS3 


0x29 


! 2 


i Must se 

i 


SU.ClSPACCR.CCMPl.OFFScT.MlD 


0x2a 


! 3. 


I Leasee 


5U DiSPAC". CCM=>* OFFSET .53 


0x2 b 


1 3 
i 


t 


3U_OlSPADOR.CCMP2_OFF5ET.WSS 


0x2d 


i 2 


Must re 


3U_OlSPADDR_CCMP2.OFF5ET.WiO 


0x2e 


\ a 

1 


Leaded i 


BU D!SPADCR.CCM?2.0FFSET_LS3 


0x2f 


! s 




5U OlSPADCR COMP0_VBS_MSB 




1 2 


Must S 6 

■ 


o.\ • ^,]CpA-; — q fHMPO VBS MID 




Q 
O 


f 

Loacec 




0x33 


3 


t 


ri ; -vQPAnna roupi vR^ m^r 


0x35 


2 




ri < "iicsinns "flip i v/R^ *jtn 


UWw 


Q 

« 


Loaded 1 


■ i i ^.icsAnna pompi v/r< i cb 

2U_jlgrAULM_LwMr 1 _VDo_LOD 


UXJ f 


a 


: 

; 


Rt i nicDAnno cr\kAQ0 v/R ^ m^R 


0x39 


2 
- 


hAt «cr 


3 w _ — ' 1 w rM .v M _ w wIVl r ^ . v _<vi l . f 




a 


< 

: 

Loaded 




0x3b 


3 






0x3d 


2 


Musi Be ; 

1 


Ri i _nnp rriMPn hr*^ mid 


0x3e 


8 


1 
1 

Loaded j 


Ru AnnR rnMPO HQS LSB 


0x3f 


8 




1 qii Annfl rr\MPi hbs MSB 


0x41 


2 


Must se 1 


! rj t AnrvR rnmiPi hbs mid 


0x42 


8 


Loaceo 


! SU AD0R COMPi_MBS_LSB 


0x43 


8 




i SU.ADDR.C0MP2.MBS.MSB . 


0x45 


2 


Must -e 


j 3U_A0DR_CCMP2_HSS_MID 


0x46 


8 


Loaded 


i SU.ADDR_CCMP2.HBS_LSB 


0x47 


i s 

t 




I SU_0lSPADDR_COMP0_HBS_MS8 


j 0x49 


i 2 


Must -e 


= SU_OISPADCR_COMPO_HBS.MID 


0x4a 


j 3 


Lcaceo 


; BU_D1SPACCR_CCMP0.HSS.LSB 


0x4b 


! 8 


• 


SU.DiSPACDR.COMPl.HBS.MSB 


] 0x4d 


! 2 


Must re 


: SU.DiS?ADCR_C0MPl_MBS_Ml0 


| 0X46 


; a 


i 

I Loaded 



; BU DlSPAOOR COMPl.HBS.LSB 
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Table C.11.2 Top-Level RegistersA 
Address Generator Keyhole 



Keyhcie Register Name 


I Keyncie 
I 

i Adcress 


: 3.is 


i 

Ccr-.rr.er._i 


| 5U_C!SPa::CR_CCMP2_ i -:£S_m$3 


! LX5 I 


2 




I 3U.0iSPADDR_COMP2_!-i5S_MID 


j UX5_ 


\ 3 


: Leasee 


' 3U DlSPADDR COMP2 MBS i SB 


j 0x53 


i 3 


j 


Bu DlSPADDR CNT icrrrj 


0x55 


; 2 


i Tes: Cniy 


■ SU DtS?AD!^R CNT ' =rr t i kjtn 

w w _ 1 w > ^ W r < \^ j ^ i » » * i W *V» 1 V_r 


| 0x55 


; 3 


) 




j Cx57 


3 




SU.DlSPAOCR.CNT.LEFTl.MSB 


1 0x53 


! 2 


' Tes; cp.!v 

i 


3U_DlS?ADDR_CNT_LErTl_Ml0 


0x5a 


i 3 


1 i 


j BU_DlSPADDR_CNT_LEFTlj.SB 


| 0x5b 


! 3 


— i 

1 ; 

1 ! 


; BU.DISPA3DR_CNTJ.SFT2_MSB 


OxSd 


! 2 


! Tes; zr.r/ 


j 3U_DlSPACOR_CNT.LErT2.MID 


0x5e 


; 3 


i 


j 3U.DiS?ADDR.CNT_LErT2_LSS 


Cx5f 


j 3 


i 
l 


j BU.DiSPADOR_PAGc_AODR0.MS8 


0x61 


< 2 


[ Tes: cnjy 


j 3U_CiSPADDR_PAGE.AODR0_MlD | 0x62 


i a 


i j 


j BU_DiSPADOR_PAG£_AODRC_LSB 


0x63 


i 8 


! ; 


1 3U_DISPADDR_PAGE_A0DR1_MS3 


0x65 


\ 2 


j Tes; cn.y 


| BU.D1SPAD0R_PAGE_A0DR1.MI0 


0x66 




1 
1 


j SU_DlSPADDR_PAGE_ADDRl_LS3 j 


0x67 


a 


j ; 


8U.DlSPA0DR_PAGE.AD0R_.MSB 


0x69 


2 


j Tes: on;y 


BU_DISPAD0R_PAGE_AD0R2_MI0 


0x6a 


s 


| ! 


BU.D!SPA0Dfl_PAGE_AD0R2.LS8 


0x6b 


8 


! ; 


8U_DISPADDR_8LOCK.A00R0.MSB i 


0x6<a 


2 


j Tes: cr;y 


3U.DISPAODR_BLOCK_AOORO.MIO | 


OxSe : 


3 




3U_DISPAOOR_8LOCK_A00R0_LS8 I 


0x6f I 


8 


i 


BU.0ISPA00n.BLOCK_A00R1.MSB j 


0x71 j 


2 


Tes: cniy 


BU.DISPAODR_3LOCK.AOOR1_MID 


0x72 | 


3 


I 

1 


SU.DISPAOOR_8LOCK_ADOR1_LSB | 0x73 j 


8 




3U_DlSPA0DR_SLOCK_AD0R2.MS3 


0x75 


2 


Tes; cr.;y 


BU.3!S?ACDR.BLOCK_ADOR2_MID | 


0x76 ' 


3 




3U_DiSPADDR.BLOCK_ADDR2.LS3 j 


0x77 ! 


a 




SU.DlSPADDR.SLOCKS.LErTO.MSB I 


0x79 ! 


2 


Tes; > 


3U_D!SPADDR_BLOCKS_LErTO_MlO j 


0x7a ! 


3 i 





j 3LLDiSPAD0R_BLOCKS_LEFT0.LS8 



| 0x7b i 3 
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Table C.ll.2 Top-Level RegistersA 
Address Generator Keyhole 



Keynote Register Name 


Keynote j 

A/4Mr_e_ ! 
MGC'BSS ; 


S.is ; 


! 

! 


SL_3;S?ADDR_3L0CKS_LE=Ti_MS3 | 


0x7d j 


2 i 


~es; zr.ii \ 


3U_DiSPACDP._3LOCKS_.£F7i_MlD 


0x7e I 


3 ! 




SU.0lS?ADDR.BLOCKS. : -£rTl.LS3 | 


0x7f | 


I 

8 ! 






3U_2lSPADDR_3LOCKS_LEr72_MSB | 


Gx81 | 


2 i 


Test or.iy \ 


BL_r!S-ACCR_3LOCKS.LHFT2_MlQ 


0x82 


I 

8 ' 




2U.C:SPAODR_3LOCKS_LE. r T2_LS5 


0x83 | 


9 




3U_WAC0R_SUFFEnC.3ASE.MSB 


0x85 | 


2 


Mus: De 

■ 


3U_WADOR_3Ur?ER0_SASE_MlD 


0x86 


8 


Lea ceo j 


i SU_WAD0R_SUFF=R0_3ASEJ-SB 


0x87 


8 




S BU_WADDR_SUFFER1_3ASE_MS3 


0x89 


2 


Must De : 


j 5U„WACDR_3L : FFER1_3ASE.MID 


0x8a 




Leased 


; 5U_WADDP_3UrFERi_BASE_LSB 


0x8b 


8 




j SU_WADDR_SUFFER2_3ASE_MS3 


0x8d 


2 




! BU_WACDR_3UFFER2_3ASE_MIO 


Ox8e 


8 


Loace- | 


i BU_WA0DR_3UFFER2_3ASE_LSB 


0x8f 


3 


I 


| 3u.WADDR_COMP0_HMBADDR.MS3 


0x91 


! * 


| Tesi cnty | 


| 5U_WACDR.COMPO_HMBADDR.MID 


0x92 


.8 j ! 




3U_WADDR_CCMP0_HMBADOR_LS8 


0x93 


i 8 


i ; 




3U .WA00R.COMP 1 .MMBADOR.MSB 


0x95 


2 


j Tes; on:y j 
i I 


i 


3U_WADDR.COMP1_HMBADDR.MlD 


0x96 


! ■ . 


I ! 

) 

, ! 




BU WA00R.COMP1_HMBADDR.LSB 


0x97 


i ■ 


i . ! 




3U_WADOR_COMP2_HMBADOR.MSB 


0x99 


! 2 


j Test sr-:y 




SU WADDR_COMP2.HMBADOR.MlD 


0x9a 


I 8 


i i 

« 




i SU WAODR COMP2.HMBADDR.LSB 


t 

0x9b 


i 8 


I ! 

( 




! BU WADDR COMPO.VMBAODR.MSB 


Ox9d 


I* 


j Test on;y | 
\ 




j SU WADDR COMPO.VMBADDR.MID 


| 0x9. 




I ; 
i 




j 3U WADDR COMPO.VMBADDR.USB 


| 0x9* 


i« 


i I 




! SU WADDR C0MP1 VMBADOR.MSB 


0xa1 


S ^ 


j Tesscniy 




i SU WADDR C0MP1.VMBA0DR.MID 


| 0xa2 


i s 


j 




j SU_WADDR.C0MP1.VMBADDP.LS3 


| 0xa3 


! s 


i 




I 3U WADDR C0MP2.VMBADDR.MSB 


0xa5 


i 2 


j Tes: cr.,y 




! 3U WADDR C0MP2_VMBA0DR.MID 


| 0xa6 


| 8 


1 




j 

i SU WADDR C0MP2.VMBAD0R.LSB 


| 0xa7 


I 9 
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Table c.11.2 Top-Level RegistersA 
Address Generator Keyhole 



Keyhole Register Name 


Keynote 
Address 


I 
I 

: sits 

i 


1 . 

j ! 

, Comments : 


3U_WADCR_VBACCR_MS8 


j 0xa9 


i 2 


. _ 

j • e S t Z r. i y 


SU.WADOR.VBADOR.MIO 


Oxaa 


i s 


j [ 


3U_WAD0R_VBADDR_LSB 


Qxao 




! j 


3U_WADDR_COMPO_HALF.WIDTHJN_BLOCKS_MSB 


Oxad 


1 2 


mil •<* 


3U_WADCR_COMPO_HALF_WIDTHJN_3LOCKS_MID 


Oxae 

! 


I a 


1 ( : 
! Loaded 


I BU_WAODR_COMPO_HALF_WIDTH IN BLOCKS LS3 


1 fkvaf 


i p 

i c 


i 


3U WADDR COMP1 HALF WIDTH in aai opvc mica 


| Oxbi 


! Z 


| Mus; -e 


SU WADDfl COMPl HALP WIDTH IN fii OftfC ijitn 


0x02 


! 8 


i 

Loaded j 


OU.vvMUL/n^UMr l - PlALr_VVIU i H. IN. SLOCKS L53 


0xb3 


1 3 

i 




tSU.WAuiJn^jMPZ.nALp. W1DTH — (N. BLOCKS.MSS 


OxbS 


I 2 


Mus: ce 


3U_VVADUH_CUMPZ_HA_F_WIUTH.IN_BLOCKS_MIO 


0xb6 


i 3 


I Leaded ; 


= u_WADDH_CQMP2_HALr_WIDTH_IN_BLOCKS_LS8 


0xb7 


! 8 

i 




3U_WAQDR_HB_M5B 


0xb9 


j 2 


j Test only ! 


3U_WADrjR_HB_MID 


Oxba 


1 

1 8 


i j 

1 i 


BU.WADDR.HB.LSB 


OxOD 


! 8 




3U_WADDR_COMP0.OFFSET.MS8 


Oxbd 


! 2 


Must be 


9U_WADDn_COMP0_OFF5ET_MID 


Oxoe 


! 8 


Loaded 


9U_WADDH_COMP0_OFFSET_LSB 


Oxbf 


i 8 




sU.WAOOH^CUMrl^OrrSET.MSB 


0xc1 


j 2 


Must oe 


tSU.WADDn.COMr 1 _ur r 5 cT.MI U 


0xc2 


! 8 


Loaded 


BU_VVADUn_CUMr 1 .QrPScT.LSB j 


0xc3 


! 8 


! 
'■ 


at i vaj a nno rrujo^ acccct ijcd i 
OU.vVAUUn.UwMri.Orpot [.MbB 


0xc5 


2 


Must be 


Rl 1 UUAnflQ f**f\UOO PlCCCCT utn 


uxco 


Q 

o 


Loaded 


Rl i lA/Annp rAiio^ nccccr 1 CB 1 


UXC / 




i 


Rl 1 VAVAP^rvB CPOiTAU ijCfi 

BU.vvAUUM^o^rvA i Un^MsD 


0xc9 


— 


Test oniy j 


3U_VVAUUH_5CRATCH. MID 


UXCa 


a 




SU_WAOOR.SCRATCH.LSB 


0XC0 


8 ! 




BU.WADDR_MBS_WIDE.MSB 


Oxcd 


2 


Must oe 


SU_WADOR.MBS.WIDE.MID | 


0XC6 


8 


Loaded 


SU_WACDR_MBS_WIDE_LSB j 


Oxcf 


8 




SU_WA00R_MBS_MIGH_MSB 1 


Oxdi 


2 j 


Must re 


BU_WAODR.MBS_HIGH.MID j 


0xd2 


8 ! 


Loaded 


3U.WACDR.MBS_HIGH.LSB 


0xd3 


8 
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Table C.ll.2 Top-Level RegistersA 
Address Generator Keyhole 





Keynote 
Address 


1 

Sits 


! 

! Ccrnrrer.s 

j 
1 




1 OxdS 


1 2 


1 Mi-s::e 


SU_WACCR_COMPO_LAST_MSJN_RCW_MID 


Oxo6 


j 3 


Leasee 


j 3U.VVAODR.COMP0.LAST_MBjN.RCW.LSa 


0xd7 


8 




J 3U.WADGR.C0MP 1 .LAST.MB.IN.RCW.MSB 


0xd9 


2 


M.s: oe 


| 3U.WADCR_CCMP1_LAST_MB_IN_ROW_MIO 


Cxda 


8 


Loacec 


| 3U_WAOCR_CCMP1_LAST_MB_IN_ROW_LS8 


Oxdb 


3 




j 3U_WACCR.CCMP2.LAST.M8.IN.RCW.MS8 


Oxdd 


£ 




8U_WACCR_CCMP2.LAST.MB_IN.ROW_MIO 


Oxde 


Q 


Loacec 


j BU_WACDR_CCMP2_LAST_MB_iN_ROW_LS8 


Oxdf 


a 
o 




| aU_WACCR.CCMP0_LAST_MS_!N_HALF.ROW_MSB 


Oxe 1 


_ 




| 3U_WACCR_CCMP0.LAST_MB.IN.HALF_ROW.MrO 


Oxe2 


a 
o 

i 


Loacec 


j 3 ! J_WACCR_CCMP0_LAST_M8_IN_HALF_ROW_LS8 

I — Z 




Q 
8 


■ 
■ 


| BU_WADOR_CCMP1.LAST_MBjN.HALf_ROW_MSB 




2 


Musi oe 


I 3U_WADOR_COMP1_LAST_MB_IN_HALF_ROW_MID 


WACO 


Q 

o 


Loacec 


3U_WADDR_C0MP1_LAST_MB_IN_HALF_R0W_LSB 


UXs f 






3U_WAOCR_CCMP2_LAST_MBJN_HALF_ROW_MSB 


0xs9 


2 ! 


Mus: oe j 


3U.WAC0R_CCMP2.LAST_MB.IN_HAU=.ROW.MIO 


0x98 


a 


Loacec : 


| BU_WA0CR.COMP2.LAST.MB.iN_HALF_ROW_LS8 


uxco 


8 1 




j BU_WACCR_COMP0.LAST.ROW_IN.MB_MSB 


w*w 


— 


Mus; oe 


BU.WADDR.COMPO.LAST.ROW.tN.MB.MlO 


0xo9 


a 


Loacec 


BU_WADDR_COMP0_LAST_ROWJN_MB_LSS 


Oxef 


a 1 




BU.WACDR.COMP 1 _LAST_ROW JN_MB_MSB 


0xf1 


2 i 


Musi oe 


8U_WADCR_COMP1_LAST_RdW_IN_MB_MID 


0xf2 


a i 

l 


Loacec 


BU_WADOR_COMP1_LAST.ROWJN_M8.LSB 


0xt3 


8 




3U_WADDR_COMP2_LAST.ROW_IN_M8.MS8 


0x15 


2 j 




3U_WADDR.COMP2.LAST_ROW_IN.MB_MIO 


0x16 


8 


Loacec 


3U.WACCR.COMP2_LAST_ROW_IN_M8_LS8 | 


0xf7 


8 




3U_WACCR_COMP0_3LOCKS.PER_MB.ROW.MSB 


0xf9 


2 ; 


Mus: oe 


3U_WACDR_CCMP0_BLOCKS.PER_MB_ROW_MID 


Oxfa 


8 i 


Loacec 


j SU.WA0CR.COMP0_3LOCKS.PER_MB_RCW_LSB I 


Otfb 


8 ! 




3U_WACCR_C0MPi_SLOCKS_PER_MB_ROW_MS8 


Oxtd 


2 j 


Must oe 


3U_WACCR.COMP1_3LOCKS.PER.MB.ROW_MID 


Oxte 


8 | 


Loaaec 


3U_WACCR_C0MP1 .BLOCKS. PER.MB_ROW.LS8 


Oxfl 


s i 
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Table C.11.2 Top-Level RegistersA 
Address Generator Keyhole 



J Keynote Register Name 

i 

i 


~ cy f iuic 

Ac cress 


i 


! . 

' Ccrr.rrer.S • 

j ' 


\ 3U_WAD0R_CCMP2_3LOCKS_?ER_MS.ROW_MS3 


i 0x101 


I 2 


; Mus; :e 


i 3U_WAD0Rj:OMP2.BLOCKS_PER_MB_ROW_M!D 


! Ox ',02 


8 


Loacec 


3U_WADDR.CCMP2.3LOCKS_PER.M8_RCW_LS3 


' 0x103 


i 

8 ! 


j 3U_WADDR_CCMP0_LA$T_MB_RCW.MSS 


0x105 


2 


! Must re i 

i 


: 3U_WADDR.CCMP0_LA$7_M8_ROW_Ml0 


0x106 


i 8 


I Loaced ; 


, 3U_WA0DR_COMP0_LAST_MB_ROW_LSS 


0x107 


8 


i 


' 3U_WADCR_CGMP1_LAST_MB_R0W_MSB 


0x109 


2 


Must re | 

1 


: 5J_VVADDR_COMPl_LAST_MB.ROW.MID 


0x10a 


8 


Loaced I 

1 1 


! 5U_WAD0R_COMPl_LAS7_M8_ROW_LSB 


0x1 Ob 


8 


I 


; 3U_WADDR_COMP2_LAST_MB_ROW.MSB 


OxiOd 


2 


Must ze 


■ 3U_WADCR.CCMP2.LAST.MB_ROW.MID 


OxiOe 


8 


Lsaced | 


{ 3U.WAD0R.COMP2_LAST_MB.RCW_LSS 


Cxior 


8 


i 


'■ 3U.WA0DR_COMP0_HBS.MSB 


0x111 


2 


Must re i 


| 3U_WADDR_COMPO.HBS.MID 


0x112 


a 


Leaded 


| 5U.WADDR_COMP0.HBS.LSB 


0x113 


8 




: 3U_WADDR_C0MP1.HBS.MSB 


0x115 


2 


Must ce 


! au.WAD0R_COMPl_HBS.MI0 


0x116 


8 i 


Loaded | 


j 3U.WADDR_COMPl.HBS.LSB 


0x117 


8 ! 




I 5U_WADDR_COMP2.HBS.MS8 


0x119 


2 j 


Must se j 


| 3U.WAD0R_COMP2.HBS.MID 


0x11a { 


8 


Loaded i 


j SU.WA0DR_COMP2_HBS.LSB 


0x11b 


8 ' 




| 3U.WAD0R.COMP0.MAXHB 


Cxl1f j 


2 J 


Must be ' 


| 3U.WAOOR_COMP1_MAXHB 


0x123 


i 

2 i 


Loaded 


j 3U.WAOOR.COMP2.MAXHB 


0x127 


2 ; 




I 3U.WADDR.COMP0.MAXVB 


0x12b 


2 j 


Must se ; 


J 3U.WA00R.COMP1.MAXVB 


0x1 2f ! 


2 ; 


Loaded 


! 3U_WAD0R.C0MP2_MAXVB 


0x133 | 


2 i 





C.12.3 Horizontal Upsampler and Color Space converter 
Keyhole- • 



H-Upsamplers and Cspace Keyhole Address 



Keynoie Register 
Name 


Keyhole 
Address 


i 

Bits 


Comment 


BU.UH0.A00_1 


0x0 


5 


rvw- woen 0.0 


BU.UHO.AOO.O 


Oxl 


8 




BU.UH0.A01.1 | 0x2 


5 


RAV- Coeff 0.1 


3U_UH0_A01J) | 0*3 | 8 




9U_UH0_A02.1 


0x4 


5 


RAV- Coeff 0.2 

1 


BU.UHC.AC2.0 


0x5 


8 


1 


BU.UH0.AC3.1 


0x6 


5 


RAV- Coeff 0.0 


9U_UH0_A03.0 


0x7 


6 




BU_UH0.A10_1 


0x8 


s 


RAV- Coeff 1.0 


BU.UH0.A10.0 


0x9 


8 


BUJJHG_A11_1 | Oxa 


5 


RAV- Coeff 1.1 


BU_UH0_A1t_0 


Oxb 


8 


8U.UH0.A12.1 


Oxc 


5 


RAV- Coeff 1 .2 


BU.UH0.A12.0 


Oxd 


8 


BU.UH0.A13.1 


Oxe 


5 


RAV- Coeff 1.3 


BU.UH0.A13.0 


Oxf 


8 


BU_UH0.A20_1 


0x10 


5 


RAV- Coeff 2,0 


BU_UH0_A20J> 0x11 


8 


8U.UH0.A21.1 


0x12 


5 


RAV- Coeff 2.1 


BU.UH0.A21.0 


0x13 


8 


BU.UH0.A22.1 


0x14 


5 


RAV. Coeff 2.2 


BU.UH0.A22.0 


0x15 


6 


BU_UH0.A23_1 


0x16 


5 


RAV- Coeff 2.3 


BU_UH0_A23_0 


0x17 


6 


BLLUHO.MODE 


0x18 


2 


RAV 


BU.UH1.A00.1 


0x20 


5 


RAV- Coeff 0.0 


BU_UH1.A00_0 


0x21 


8 


SU.UH1.A01.1 


0x22 


5 


RAV- Coeff 0.1 


BU.UH1.A01.0 j 0x23 


8 


SU.UH1.A02.1 | 0x24 


5 


RAV- Coeff 0.2 


BU.UH1.A02.0 j 0x25 


8 


BU.UH1.A03.1 


0x26 


5 


RAV- Coeff 0.0 


BU.UH1.A03.0 j 0x27 


6 
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e C.11.3 H-Upaamplers and Cspace Keyhole Address Map 



Keyrcte Register 

! 
! 

i Narre 

f 


Keynoie i J j 
| SilS i Corr.pneni ; 

Adcress 1 j ; 

1 i ! 


3U_'JI-.!_A10_ 1 . | 0x28 


5 


rvW- Coeff i .o 


i 3U_'JH1_A10_0 


0x29 { 8 


i 3UJJH1_A11_1 { Cx2a | 5 


R/W- Co eft \ .\ 

! 


SU_UH1_A11_0 


0x2 1) 


8 


3UJJH1_A12.1 


0x2c | 5 

* 


aw- Cceft : .2 { - 

1 


| 3U.^h:_ai2.0 1 Cx2d 


8 
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SECTION C.13 Picture Size Parameters 
C.13.1 Introduction 

The following stylized code fragments illustrate the 
processing necessary to respond to picture size interrupts 
from the write address generator. Note that the picture 
size parameters can be changed "on-the-fly» by sending 
combinations of HORIZONTAL_MBS , VERTICAL_MBS , and 
DEFINE_SAMPLING (for each component) tokens, resulting in 
write address generator interrupts. These tokens may 
arrive in any order and, in general, any one should 
necessitate the re-calculation of all of the picture size 
parameters. At setup time, however, it would be more 
efficient to detect the arrival of all of the events before 
performing any calculations. 

It is possible to write specific values into the picture 
saze parameter registers at setup and, therefore, to not 
rely on interrupt processing in response to tokens. For 
this reason, the appropriate register values for SIF 
pictures are also given. 

c.13. 2 Interrupt Processing for Picture Size Parameters 

There are five picture size events, and the primary 
response of each is given below: 
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if (. w .ribs. event; 

loadtrabs.widel ; 
else if (vmbs.ever.t) 

1 o ad ( .-nbs _hi g. w . ) : 
else if { def_si.rp eleven c ) 
( 

load (m&xhb CO ; ) ; 
1 oad ( maxvb ; C ] ) : 

) 

else if (def_sa, , npi_event ) 

( 

load Im&xhb [1 ) > ; . 
load (raaxvbli; J ; 

else if (def_sa.^2 .event) 

{ 

load Caaxhb£2 J.) : 
load (m&xvb(21 ) ; 

} 



In addition, the following calculations are necessary to 
retain consistent picture size parameters: 

if (hris.everit | | vrtibs .event ! | 

def.sajspO.event | j def.sa-Tip 1. event | | def.sa.T.?2_eve- z ■ 

fsr (i«0; i <niax.cornpor.er.t ; i + +> 

( 

hislii * addr.nisti] « CaaxhbCi] *1) • mfcs.vide.- 
haif.width.in.blocks(i) » { (m&xhbfi] -1 ) * -is_wide)/2; 
last.r-b.in.rcwCi] -hfcsti] - (maxWbCi J +1) : 
last.rri.i.-.half.rcwii} - half .widtA.in.blecks E i ■ - 
'r.ax. u J5[i ■ -1) ; 

last.row_ir._svb[i] « hbs(i] * maxvbUJ; 
biccKS_per.mb_row( i J • las t_rov_in_mb( i ] * hbsli!; 
iast_rri_row(i] • blec*s_per.:r.b.Tow [ i] • i rris.^jh- 1 ' . 
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Although it is not strictly necessary to modify th 
dispaddr register values (such as the display window size 
in response to picture size interrupts, this may b 
desirable depending on the application requirements. 
C.13.3 Register Values for SIT Pictures 

The values contained in all the picture size register 
after the above interrupt processing for an SIF, 4:2: 
stream will be as follows: 
C. 13. 3.1 Primary Values 

3U_WADCR_MBS_WIDE = 0x16 
BUJ.VACDR.MBS.HIGH = 0x12 
3U.WADDR.COMP0.MAXHB = 0x01 
= 'J.WADDR_C0MP1.MAXHB = 0x00 
3U.WADDR.COMP2.MAXHB = 0x00 
5U.WADDR_COMP0_MAXVB = 0x01 
3U_WADDR_COMPl_MAXVB = 0x00 
BU_WADDR_COMP2_MAXVB = Ox 00 

C. 13.3.2 Secondary Values - After Calculation 



3U.WADDR_COMP0.HBS = 0x2C 
BU.WADDR.COMPl.HBS = 0x16 
3U_WADDR_COMP2_HBS = 0x16 
BU_ADDR_COMP0_H3S = 0x2C 
BU.ADDR_COMP1.HBS = 0x16 
3U.ADDR_COMP2_HBS = 0x16 

3U_WADDR_COMP0_HALF_WIDTHJN_3LOCKS = Cx:5 
BU_WADDR_C0MP1_HALF_WIDTHJN_BL0CKS = CxC3 
BU_WADDR_COMP2_HALF_WIDTHJN_BLOCKS = 0x03 
BU.WADDR.COMP0_LAST_MB.IN.ROW = Cx2A 
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BU_WADDR_COMP1_LAST_MBJN_ROW = 0x15 
BU_WADDR_COMP2_LAST_MB_IN_ROW = 0x15 
BU_WADDR_COMP0_LAST_MBJN_HALF_ROW = 0x14 
BU_WADDR_COMP1_LAST.MBJN_HALF.ROW = OxOA 
BU_WADDR_COMP2_LAST_MBJN_HALF_ROW = OxOA 
BU_WADDR_COMP0_LAST_ROWJN_MB = 0x2 C 
BU_WADDR_COMP1_LAST_ROW_IN_MB = 0x0 
BU_WADDR_COMP2_LAST_ROW_IN_MB = 0x0 
BU_WADDR_COMP0_BLOCKS_PER_MB_ROW = 0x58 
BU_WADDR_COMP1_BLOCKS_PER_MB_ROW = 0x16 
BU_WADDR_COMP2_BLOCKS_PER_MB_ROW = 0x16 
BU_WADDR_COMP0_LAST_MB_ROW = 0x5D8 
BU_WADDR_COMP1_LAST_MB_ROW = 0x176 
BU_WADDR_COMP2_LAST_MB_ROW = 0x176 



Note that if these values are to be written explicitly 
at setup, account must be taken of the multi-byte nature of 
most of the locations. 

Note that additional Figures, which are self explanatory 
to those of ordinary skill in the art, are included with 
this application for providing further insight into the 
detailed structure and operation of the environment in 
which the present invention is intended to function. 
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The aforedescribed pipeline system of the present 
invention satisfies a long existing need for an improved 
system having The present invention relates to an 
improved pipeline system having an input, an output and a 
plurality of processing stages between the input and the 
output, the plurality of processing stages being 
interconnected by a two-wire interface for conveyance of 
tokens along the pipeline, and control and/or DATA tokens 
in the form of universal adaptation units for interfacing 
with all of the processing stages in the pipeline and 
interacting with selected stages in the pipeline for 
control data and/ or combined control-data functions among 
the processing stages, so that the processing stages in 
the pipeline are afforded enhanced flexibility in 
configuration and processing. In accordance with the 
invention, the processing stages may be configurable in 
response to recognition of at least one token. One of the 
processing stages may be a Start Code Detector which 
receives the input and generates and/ or converts the 
tokens . 

The present invention may also include tokens in the 
form of a P I CTURE_S TART code token for indicating that the 
start of a picture will follow in the subsequent DATA 
token, a PICTURE_END token for indicating the end of an 
individual picture, a FLUSH token for clearing buffers and 
resetting the system, and a CODING_STANDARD token for 
conditioning the system for processing in a selected one 
of a plurality of picture compression/decompression 
standards. The present invention also relates to an 
improved pipeline system for decoding video data and 
having a Huffman decoder, an index to data (ITOD) stage, 
an arithmetic logic unit (ALU) , and a data buffering means 
immediately following the system, whereby time spread for 
video pictures of varying data size can be controlled. 
Also in accordance with the invention, a processing stage 
receives the input data stream, the stage including means 
for recognizing specified bit stream patterns, whereby the 
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processing stage facilitates random access and error 
recovery. The invention may also include a means for 
performing a stop-after-picture operation for achieving a 
clear end to picture data decoding, for indicating the end 
of a picture, and for clearing the pipeline. 

The improved pipeline system may also include a fixed 
size, fixed width buffer, and means for padding the buffer 
to pass an arbitrary number of bits through the buffer. 
The present invention also relates to a data stream 
including run length code, and an inverse modeller means 
active upon the data stream from a token for expanding out 
the run level code to a run of zero data followed by a 
level, whereby each token is expressed with a specified 
number of values. The invention also includes an inverse 
modeller stage, an inverse discrete cosine transform 
stage, and a processing stage, positioned between the 
inverse modeller stage and the inverse discrete cosine 
transform stage, responsive to a token table for 
processing data. 

In addition, the present invention relates to an 
improved pipeline system having a Huffman decoder for 
decoding data words encoded according to the Huffman 
coding provisions of either H.261, JPEG or MPEG standards, 
the data words including an identifier that identifies the 
Huffman code standard under which the data words were 
coded, means for receiving the Huffman coded data words, 
means for reading the identifier to determine which 
standard governed the Huffman coding of the received data 
words, if necessary, in response to reading the identifier 
that identifies the Huffman coded data words as H.261 or 
MPEG Huffman coded, means operably connected to the 
Huffman coded data words receiving means for generating an 
index number associated with each JPEG Huffman coded data 
word received from the Huffman coded data words receiving 
means, means for operating a lookup table containing a 
Huffman code table having the format used under the JPEG 
standard to transmit JPEG Huffman table information, 
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including an input for receiving an index number from the 
index number generating means, and including an output 
that is a decoded data word corresponding to the index 
number . 

5 The improved system includes a multi-standard video 

decompression apparatus having a plurality of stages 
interconnected by a two-wire interface arranged as a 
pipeline processing machine. Control tokens and DATA 
Tokens pass over the single two-wire interface for 

10 carrying both control and data in token format. A token 
decode circuit is positioned in certain of the stages for 
recognizing certain of the tokens as control tokens 
pertinent to that stage and for passing unrecognized 
control tokens along the pipeline. Reconfiguration 

15 processing circuits are positioned in selected stages and 
are responsive to a recognized control token for 
reconfiguring such stage to handle an identified DATA 
Token. A wide variety of unique supporting subsystem 
circuitry and processing techniques are disclosed for 

20 implementing the system. 

It will be apparent from the foregoing that, while 
particular forms of the invention have been illustrated 
and described, various modification can be made without 
departing from the spirit and scope of the invention. 

25 Accordingly, it is not intended that the invention be 
limited, except as by the appended claims. 
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CLAIMS : 

1. In a system having an input and an output 
and a plurality of processing stages between the input and 
the output, the improvement characterized by: 

an interactive interfacing token, defining a 
universal adaptation unit for control and/ or data 
functions among said processing stages; and 

one of said stages receiving said input and 
adapted to generate and/or convert said tokens. 

2. A machine as recited in claim 1, wherein 
said one of said stages is responsive to data to create 
tokens . 

3. A machine as recited in claim 1, wherein 
said one of said stages searches for and detects start 
codes and produces tokens in response thereto. 

4. A machine as recited in claim 1, wherein 
said one of said stages detects overlapping start codes, 

whereby the first start code is ignored and the 
second start code is used to create start code tokens. 

5. A machine as recited in claim 1, wherein 
said one of said stages is adapted to search an input data 
stream in a search mode. 

6. A machine as recited in claim 5, wherein 
said search mode is for a selected start code. 

7. A machine as recited in claim 5, wherein 
said search is for breaks in the data stream. 

8. A machine as recited in claim 5, wherein 
said search is made of data from an external data source. 
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9. A machine as recited in claim 3, wherein 
said token is a START CODE token. 

10. A machine as recited in claim 3, wherein 
said token is a PI CTURE_START token. 

11. A machine as recited in claim 3, wherein 
said token is a SLICE_START token. 

12. A machine as recited in claim 3, wherein 
said token is a PICTURE_END token. 

13. A machine as recited in claim 3, wherein 
said token is a SEQUENCE_START token. 

14. A machine as recited in claim 3, wherein 
said token is a SEQUENCE_END token. 

15. A machine as recited in claim 3, wherein 
said token is a GROUP_START token. 

16. A machine as recited in claim 1, wherein 
said one of said stages performs a padding function by 
adding bits to the last word of a token. 

17. In a machine for handling a plurality of 
separately encoded bit streams arranged as a serial bit 
stream of digital bits and having separately encoded pairs 
of start codes and data carried in the serial bit stream 

5 the improvement characterized by: a start code detector 

having first, second and third registers connected in 
serial fashion, each of said registers storing a different 
number of bits from the bit stream; said first register 
storing a value; said second register and a first decode 
10 means for identifying a start code associated with said 

value contained in said first register; circuit means for 
shifting said value to a predetermined end of said third 
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register; and a second decode means arranged for accepting 
data from said third register in parallel. 

18. A machine as recited in claim 17 , and 
further characterized by: a memory responsive to said 
second decode means for providing one or more control 
tokens stored in said memory as a result of the decoding 
of said value associated with said start code. 

19. A machine as recited in claim 17 , and 
further characterized by: means for accessing the input 
data stream from a microprocessor interface; and means for 
formatting and organizing the said data stream. 

20. A machine as recited in claim 17 , and 
further characterized by: a start decode detector which 
identifies start codes of varying widths associated with 
differently encoded bit streams. 

21. A machine as recited in claim 17 , wherein 
a plurality of DATA tokens are generated from the input 
data stream. 

22. A machine as recited in claim 17, and 
further characterized by: a plurality of tag shift 
registers for handling tags indicating the validity of 
data of said registers. 

23 . A machine as recited in claim 1, wherein 
said system is a pipeline system and a start code detector 
is positioned as the first of said processing stages in 
said pipeline. 

24. For use with a system having a plurality of 
processing stages: 

a universal adaptation unit in the form of an 
interactive interfacing token for control and/ or data 
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functions among said processing stages, 

wherein said token is a P I CTURE_START code token 
for indicating that the start of a picture will follow in 
the subsequent DATA token, 

25. In a system having an input, an output and 
a plurality of processing stages between the input and the 
output, the improvement characterized by: 

an interactive metamorphic interfacing token , 
defining a universal adaptation unit for control and/or 
data functions among said processing stages, 

wherein said token is a PICTURE_START code token 
for indicating that the start of a picture will follow in 
the subsequent DATA token. 

26. For use with a system having a plurality of 
processing stages: 

a universal adaptation unit in the form of an 
interactive interfacing token for control and/or data 
functions among said processing stages, 

wherein said token is a PICTURE_END token for 
indicating the end of an individual picture. 

27. In a system having an input, an output and 
a plurality of processing stages between the input and the 
output, the improvement characterized by: 

an interactive metamorphic interfacing token , 
defining a universal adaptation unit for control and/or 
data functions among said processing stages, 

wherein said token is a PICTURE_END token for 
indicating the end of an individual picture. 

28. For use with a system having a plurality of 
processing stages : 

a universal adaptation unit in the form of an 
interactive interfacing token 
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for control and/or data functions among said 
processing stages, 

wherein said token is a FLUSH token for clearing 
buffers and resetting said system. 

29. In a pipeline system having an input, an 
output and a plurality of processing stages between the 
input and the output, the improvement characterized by: 

an interactive metamorphic interfacing token, 
defining a universal adaptation unit for control and/ or 
data functions among said processing stages, 

wherein said token is a FLUSH token for clearing 
buffers and resetting said system as it proceeds down 
system from input to output. 

30. A system as recited in claim 29, wherein 
said FLUSH token variably resets said stages as said token 
proceeds down said pipeline from said input to said 
output, for accomplishing said resetting of said system. 

31. For use with a system having a plurality of 
processing stages : 

a universal adaptation unit in the form of an 
interactive interfacing token for control and/ or data 
functions among said processing stages, 

wherein said token is a CODING_STANDARD token 
for conditioning said system for processing in a selected 
one of a plurality of picture compression/ decompression 
standards • 

32. In a system having an input, an output and 
a plurality of processing stages between the input and the 
output, the improvement characterized by: 

an interactive metamorphic interfacing token, 
defining a universal adaptation unit for control and/or 
data functions among said processing stages, 

wherein said token is a CODING STANDARD token 
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for conditioning said system for processing in a selected 
one of a plurality of picture compression/ decompression 
standards . 

33. A CODING_STANDARD token as recited in 
either claim 31 or 32, wherein said picture standard is 
JPEG. 

34. A CODING_STANDARD token as recited in 
either claim 31 or 32, wherein said picture standard is 
MPEG. 

35. A COD I NG_STANDARD token as recited in 
either claim 31 or 32, wherein said picture standard is 
H.261. 

36. A system as recited in any of claims 31-35, 
wherein at least some of said processing stages recon- 
figure in response to said CODING_STANDARD token. 

37. A system as recited in any of claims 31-36, 
and further characterized by: one of said processing 
stages being a Huffman decoder and parser; one of said 
control tokens is a CODING_STANDARD control token; and 
upon receipt of said COD I NG_S T AND ARD control token, said 
parser is reset to an address location corresponding to 
the location of a program for handling the picture 
standard identified by said CODING_STANDARD control token. 

38. A machine as in claim 37, and further 
characterized by: a reset address selected by said 
CODING_STANDARD control token corresponding to a memory 
location used for testing said Huffman decoder and parser. 

39. A system as recited in claim 37, and 
further characterized by: said Huffman decoder including 
a decoding stage and an Index to Data stage; and said 
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parser stage sends an instruction to said Index to Data 
Unit to select tables needed for a particular identified 
coding standard , said parser stage indicating whether the 
arriving data is inverted or not. 

40. For use with a system for decoding video 
data and having a Huffman decoder, 

an index to data (ITOD) stage; 
an arithmetic logic unit (ALU) ; and 
a data buffering means immediately following 
said system, 

whereby time spread for video pictures of 
varying data size can be controlled. 

41. In a spatial decoder system for video data 
and having a Huffman decoder, an index to data and an 
arithmetic logic unit, the improvement characterized by: 

a two-wire interface interconnecting processing 
stages, said interface enabling serial processing for data 
and parallel processing for control. 

42. In a spatial decoder system for video data 
and having a Huffman decoder, an index to data and an 
arithmetic logic unit, the improvement characterized by: 

a ROM having separate stored programs for each 
of a plurality of picture standards, said programs being 
selectable by a token, 

whereby processing for a plurality of picture 
standards is facilitated. 

43. In a spatial decoder system for video data 
and having a Huffman decoder, an index to data and an 
arithmetic logic unit, the improvement characterized by: 

a token formatter for formatting tokens, 
whereby DATA tokens are created. 
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44. In a spatial decoder system for video data 
and having a Huffman decoder, an index to data and an 
arithmetic logic unit, the improvement characterized by: 

a two-wire interface interconnecting processing 
stages, said interface enabling serial processing for data 
and parallel processing for control; 

a microcode ROM having separate stored programs 
for each of a plurality of picture standards, said 
programs being selectable by a token; and 

a token formatter for formatting tokens, whereby 
processing for a plurality of picture standards is 
facilitated and DATA tokens are created, 

45. A system as recited in claim 44, and 
further including : 

a data buffering means immediately following 
said system, 

whereby time spread for video pictures of 
varying data size can be controlled. 

46. A video data decoding system characterized 
by: a Huffman decoder including a decoding stage and said 
Index to Data stage; and a parser stage for sending an 
instruction to said Index to Data Unit to select tables 
needed for a particular identified coding standard, said 
parser stage indicating whether the arriving data is 
inverted or not. 

47. A system as recited in claim 46, and 
further characterized by: arranging said tables within a 
memory for enabling multiple use of said tables where 
appropriate. 

48. In a pipeline system having an input data 
stream, the improvement characterized by: 

a processing stage for receiving said input data 
stream ; and 



683 

5 said stage including means for recognizing 

specified bit stream patterns, 

whereby said stage facilitates random access and 
error recovery. 

49. A system as recited in claim 48, wherein 
said processing stage is a start code detector. 

50. A system as recited in either claim 49 or 
50, wherein said bit stream patterns are start codes. 

51. A pipeline machine characterized by: a 
search-mode means for searching differently encoded data 
streams arranged as a single serial stream of data for 
allowing random access and enhanced error recovery. 

52. In a pipeline machine, the improvement 
characterized by: means for performing a stop-after- 
picture operation for achieving a clear end to picture 
data decoding, for indicating the end of a picture, and 

5 for clearing the pipeline. 

53. A machine as recited in claim 52, wherein 
said means for performing a stop-after-picture operation 
generates a combination of a PICTURE_END token and a FLUSH 
token. 

54. In a pipeline machine, the improvement 
characterized by: a fixed size, fixed width buffer; and 
means for padding said buffer to pass an arbitrary number 
of bits through said buffer. 

55. A machine as recited in claim 54, wherein 
said means for padding is a start code detector. 
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56. A machine as recited in either claim 54 or 

55, wherein said padding is performed only on the last 
word of a token. 

57. A machine as recited in any of claims 54- 

56, wherein said means for padding insures uniformity of 
word size. 

58. A machine as recited in claim 54, and 
further characterized by: a reconf igurable processing 
stage as a spatial decoder; and said means for padding 
adds to picture data being handled by said spatial decoder 

5 sufficient additional bits such that each decompressed 

picture at the output of said spatial decoder is of the 
same length in bits. 

59. In a system having a data stream including 
run level code, the improvement characterized by: 

inverse modeller means active upon said data 
stream from a token for expanding out said run level code 
5 to a run of zero data followed by a level, whereby each 

token is expressed with a specified number of values. 

60. A system as recited in claim 59, wherein 
said token is a DATA token. 

61. A system as recited in claim 59, wherein 
said inverse modeller means blocks tokens which lack said 
specified number of values. 

62. A system as recited in any of claims 59- 
61 wherein said specified number of values is 64 
coefficients. 
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63. An apparatus for processing data, 
comprising: 

an expanding circuit for accepting a DATA token, 
said DATA token having run level codes, and decoding said 
run level codes; 

a padder circuit in communication with said 
expanding circuit for checking that said DATA token has a 
predetermined length so that if said DATA token has less 
than said predetermined length, said padder circuit adds 
units of data to said DATA token until said predetermined 
length is achieved; and 

a bypass circuit for bypassing any token other 
than a DATA token around said expanding circuit and said 
padding circuit. 

64. A method of processing data to efficiently 
fill a buffer, characterized by the steps of: 

providing first type tokens having a first 
predetermined width, and at least one of the following 
formats: 

Format B - ERRRRRRLLLLLLLLLLL 

Format C - E 0 0 0 0 0 0 LLLLLLLLLLL 
where E=extention bit; F=specifics format; R=run bit; 
L=length bit or non-data token; x="don't care" bit; 

splitting format A tokens into a format Oa token 
having a form of ELLLLLLLLLLL ; 

splitting format B tokens into a format 1 token 
having the form of FRRRRRRO 0000 and a f ormat 0 a data 
token ; 

splitting format C tokens into a format 0 token 
having the form of FLLLLLLIiLLLL ; 

packing format 0, format 0a and format 1 tokens 
into a buffer, said buffer having a second predetermined 
width. 
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65. An apparatus for providing a time delay to 
a group of compressed pictures , the pictures corresponding 
to a video compression/decompression standard, 
characterized by: 

words of data containing compressed pictures; 
a counter circuit adapted, to count said words of 

data; 

a microprocessor in communication with said 
counter circuit and adapted to receive start-up informa- 
tion consistent with the standard of video decompression; 

said microprocessor communicating said start-up 
information to said counter circuit; 

an inverse modeller circuit for accepting said 
words of data and capable of delaying said words of data; 

a control circuit intermediate and in communi- 
cation with said counter circuit and said inverse modeller 
circuit; 

said counter circuit comparing said start-up 
information with said counted words of data and signaling 
said control circuit; and 

said control circuit queueing said signals in 
correspondence to said words of data that have met said 
start-up criterion and controlling said inverse modeller 
delay feature. 

66. In a pipeline system having an inverse 
modeller stage and an inverse discrete cosine transform 
stage, the improvement characterized by: a processing 
stage, positioned between said inverse modeller stage and 
said inverse discrete cosine transform stage, responsive 
to a token table for processing data. 

67. A system as recited in claim 66, wherein 
said token is a QUANT_TABLE token for causing said 
processing stage to generate a quantization table. 
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68. A system as recited in claim 66 , wherein 
said token is a QUANT_SCALE token. 

69. A system as recited in claim 66, wherein 
said token is a PREDI CTION_MODE token* 

70. A system as recited in claim 66, wherein 
said token is a SEQUENCE_START token. 

71. A system as recited in claim 66, wherein 
said token is a CODING_STANDARD token. 

72. A system as recited in claim 66, wherein 
said token is a JPEG_TABLE_ SELECT token. 

73. A system as recited in claim 66, wherein 
said token is a MPEG_TABLE_S ELECT token. 

74 • A Huffman decoder for decoding data words 

encoded according to the Huffman coding 
provisions of either H.261, JPEG or MPEG standards, the 
data words including an identifier that identifies the 
5 Huffman code standard under which the data words were 
coded, comprising: 

means for receiving the Huffman coded data 
words, including means for reading the identifier to 
determine which standard governed the Huffman coding of 
10 the received data words, and means for converting the data 
words to JPEG Huffman coded data words, if necessary, in 
response to reading the identifier that identifies the 
Huffman coded data words as H.261 or MPEG Huffman coded; 

means, operably connected to the Huffman coded 
15 data words receiving means, for generating an index number 
associated with each JPEG Huffman coded data word 
receiving an index number from the index number generating 
means, and including an output that is a decoded data word 
corresponding to the index number. 
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75. A method for decoding data words encoded 
according to the Huffman coding provisions of either 
H.261, JPEG or MPEG standards, the data words including an 
identifier that identifies the Huffman code standard under 
which the data words were coded, the steps comprising: 

receiving the Huffman coded data words were 
coded, the steps comprising: 

receiving the Huffman coded data words , 
including reading the identifier to determine which 
standard governed the Huffman coding of the received data 
words, and converting the data words to JPEG Huffman coded 
data words, if necessary, in response to reading the 
identifier that identifies the Huffman coded data words as 
H.261 or MPEG Huffman coded; 

generating an index number associated with each 
JPEG Huffman coded data word received; and 

operating a lookup table containing a Huffman 
code table having the f ormat used under the JPEG standard 
to transmit JPEG Huffman table information, including 
receiving an index number, and generating a decoded data 
word corresponding to the received index number. 
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ABSTRACT 

A multi-standard video decompression apparatus has a 
plurality of stages interconnected by a two-wire interface 
arranged as a pipeline processing machine. Control tokens 
5 and DATA Tokens pass over the single two-wire interface 
for carrying both control and data in token format. A 
token decode circuit is positioned in certain of the 
stages for recognizing certain of the tokens as control 
tokens pertinent to that stage and for passing 

10 unrecognized control tokens along the pipeline. 
^6oixi : l^^At.^6^^i^oG^BXTiq' circuits are positioned in 
selected stages and are responsive to a recognized control 
token for reconfiguring such stage to handle an identified 
DATA Token. A wide variety of unique supporting subsystem 

15 circuitry and processing techniques are disclosed for 
implementing the system. 
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